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A s t a t i s t i c a l l y  v a l i d  sampl ing  p l a n  w i t h  a known degree o f  p r e c i s i o n  i s  
necessary  t o  assess t h e  env i ronmen ta l  impact  o f  coa l  c l e a n i n g  r e f u s e  (gob )  
p i l e s  v i a  l e a c h i n g  s t u d i e s .  A t  two gob p i l e s  l o c a t e d  i n  sou thwes te rn  I l l i n o i s  
a  p o r t a b l e  d r i l l  i n g  r i g  was used t o  c o l l e c t  200 s p l  i t -spoon  sampl es a t  v a r i o u s  
d e p t h s  and l o c a t i o n s ,  The samples were s u b j e c t e d  t o  t h e  ASTM method A  w a t e r  
shake e x t r a c t i o n  p rocedure  and t h e  c o n c e n t r a t i o n s  o f  30 c o n s t i t u e n t s  i n  t h e  
shake t e s t  e x t r a c t s  were determined,  The e x t r a c t  d a t a  were used t o  de te rm ine :  
1) t h e  v a r i a b i l  i t y  o f  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s ;  2 )  t h e  
e f f e c t  o f  sample d e p t h  and 1  o c a t i o n  on c o n s t i t u e n t  c o n c e n t r a t i o n s ,  3 )  t h e  num- 
b e r  o f  samples r e q u i  r e d  t o  have t h e  sample mean w i t h i n  e i t h e r  5%, lo%, o r  25% 
o f  t h e  e s t i m a t e d  p o p u l a t i o n  mean a t  a  95% c o n f i d e n c e  l e v e l ,  and 4 )  t h e  number 
o f  samples r e q u i r e d  t o  m i n i m i z e  sample c o l l e c t i o n  and a n a l y s i s  c o s t s  and 
v a r i  ances . 

The pH v a l u e s  o f  shake t e s t  e x t r a c t s  ranged f rom 1.55 t o  5.04. The pre-  
dominant  c o n s t i t u e n t s  i n  t h e  e x t r a c t s  were A1, Ca, Fe, SO4, and Zn. Calc ium, 
Co, Mn , Ni , and Zn e x h i b i t e d  t h e  g r e a t e s t  re1  a t i  ve  s o l  u b i  1  i t y  on t h e  bas i  s  o f  
t h e i r  we igh t  pe rcen tage  i n  t h e s e  wastes.  U n i v a r i a t e  s t a t i s t i c a l  a n a l y s i s  
i n d i c a t e d  d i f f e r e n c e s  i n  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  r e l a t e d  t o  
sample depth .  P a t t e r n s  between c o n s t i t u e n t  c o n c e n t r a t i o n s  and sample d e p t h  
a1 lowed some o f  t h e  d a t a  t o  be grouped i n t o  dep th  zones. S t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e s  due t o  sampl ing  l o c a t i o n  w i t h i n  a  gob p i l e  as w e l l  as 
d i f f e r e n c e s  between gob p i  1  es were e x h i b i t e d  f o r  most e x t r a c t  c o n s t i  t u e n t  
c o n c e n t r a t i o n s .  

The means and v a r i a n c e s  genera ted  by t h e  e x t r a c t  d a t a  and a  t d i s t r i -  
b u t i o n  were used t o  c a l c u l a t e  t h e  number o f  samples r e q u i r e d  f o r  T h e  sample 
mean t o  be w i t h i n  a  s p e c i f i e d  e r r o r  l e v e l  o f  t h e  p o p u l a t i o n  mean. G e n e r a l l y ,  
c o n s t i t u e n t s  c o u l d  be p l a c e d  i n t o  t h r e e  groups by sample s i z e  (number o f  
sampl es )  : 1-50, 51-150, and >15O. A1 uminum, Ca, C1 , Fe, Mg , Si , SO,, 
e l  e c t r i  c a l  conductance (EC) , o x i d a t i  o n - r e d u c t i o n  p o t e n t i  a1 (Eh) and pH usua l  l y  
r e q u i  r e d  l e s s  t h a n  50 sampl es t o '  be c o l l  e c t e d  f o r  t h e  sample mean t o  be w i t h i n  
10% of  t h e  p o p u l a t i o n  mean a t  a  95% c o n f i d e n c e  l e v e l ;  B, Co, C u ,  K, and V 
r e q u i r e d  more t h a n  150 samples. 

The number o f  samples r e q u i r e d  t o  m i n i m i z e  v a r i a n c e  o r  c o s t s  was d e t e r -  
mined by u s i n g  an o p t i m a l  a l l o c a t i o n  o f  resources  approach. The sample v a r i -  
ance f o r  each c o n s t i t u e n t  was p a r t i t i o n e d  i n t o  t h e  v a r i a n c e  due t o  samp l ing  
l o c a t i o n ,  dep th  zone, and sampl i n g  e r r o r .  T h i s  a1 l ows  t h e  v a r i a n c e s  t o  be 
used as a  g u i d e  f o r  d e t e r m i n i n g  sample s i z e s  f o r  o t h e r  gob p i l e s  w i t h o u t  t h e  
s t i p u l a t i o n  t h a t  t h e  sampl ing  scherne be i d e n t i c a l  t o  t h a t  used i n  t h i s  s tudy.  
Equa t ions  were d e r i v e d  t o  e s t i m a t e  t h e  p o p u l a t i o n  v a r i a n c e  and c o s t s  i n  
co1 l e c t i  ng samples. F i x i n g  t h e  c o s t  equa t ion ,  t h e  number o f  sampl i n g  l o c a -  
t i o n s  and dep ths  p e r  l o c a t i o n  c o u l d  be c a l c u l a t e d  t o  m i n i m i z e  t h e  v a r i a n c e s .  
Converse ly ,  t h e  v a r i a n c e  e q u a t i o n  was f i x e d  and t h e  number o f  samples r e q u i  r e d  
t o  m i n i m i z e  t h e  c o s t  was c a l c u l a t e d .  Us ing t h e  v a r i a n c e s  r e p o r t e d  i n  t h i s  
s t u d y  and m o d i f y i n g  t h e  c o s t  f u n c t i o n  t o  r e f l e c t  an i n v e s t i g a t o r ' s  c o s t s  and 
p r e c i s i o n  requ i remen ts ,  e s t i m a t e s  o f  sample numbers can be c a l c u l a t e d  f o r  
o t h e r  . l e a c h i n g  s t u d i e s  where gob p i l e  m a t e r i a l  i s  used, 



The c l e a n i n g  o f  c o a l  i s  an  i m p o r t a n t  p a r t  o f  t h e  c o a l  m i n i n g  i n d u s t r y .  
I m p u r i t i e s  a s s o c i a t e d  w i t h  c o a l  o r  i n t r o d u c e d  as a  consequence of t h e  m i n i n g  
p rocess  a r e  removed by  c l e a n i n g ,  wh ich  p r o v i d e s  a  more m a r k e t a b l e  p r o d u c t .  
Coal r e f u s e  genera ted  f r o m  t h e  c l e a n i n g  p rocess  i s  u s u a l l y  composed o f  two 
waste t ypes ,  gob and s l u r r y ,  wh ich  d i f f e r  i n  p h y s i c a l  c h a r a c t e r i s t i c s  and 
methods o f  d i s p o s a l .  

Gob c o n s i s t s  o f  coa rse  p a r t i c l e s ,  u s u a l l y  g r e a t e r  t h a n  20 mesh, t h a t  a r e  
denser  t h a n  c o a l  and a r e  separa ted  f rom coa l  i n  t h e  c l e a n i n g  process by  
g r a v i t y  and usua l  l y  d i sposed  o f  i n  l a r g e  p i l e s .  Gob c o n t a i n s  v a r y i n g  p e r c e n t -  
ages o f  c o a l  , s h a l e ,  and o t h e r  r o c k ,  depending upon t h e  coa l  seam mi ned as 
we1 1  as t h e  methods o f  m i n i n g  and coa l  p r e p a r a t i o n ,  A compar ison o f  gob gen- 
e r a t e d  f rom t h e  m i n i n g  o f  b i t u m i n o u s  c o a l  w i t h  an "average"  s h a l e  i n d i c a t e d  
s i m i l a r  chemica l  c o m p o s i t i o n  i f  t h e  carbon i n  t h e  gob were exc luded.  Gob 
t y p i c a l l y  c o n t a i n s  more s u l f u r  and a1 uminum and l e s s  s i l i c a  and a1 k a l  i n e  
e a r t h s  t h a n  an average sha le ,  b u t  o v e r a l l  , e v a l u a t i o n  i n d i c a t e s  t h a t  gob and 
s h a l e  have s i m i  l a r  chemica l  c h a r a c t e r i s t i c s  (Ru t te rmore ,  Simcoe, and Ma1 oy,  
1978) .  

S l u r r y ,  u n l i k e  gob, c o n s i s t s  o f  s m a l l e r  p a r t i c l e s  t h a t  a r e  d i sposed  i n  a  
pumpable s l u r r y  fo rm and a l l o w e d  t o  s e t t l e  i n  l agoons .  S l u r r y  i s  u s u a l l y  
chemica l  l y  s i m i l a r  t o  gob, b u t  has g r e a t e r  carbon and Rtu c o n t e n t .  

La rge  q u a n t i t i e s  o f  wastes a r e  genera ted  by  t h e  coa l  c l e a n i n g  process.  
D u r i n g  1981, 815 m i l l i o n  t o n s  o f  c o a l  were produced i n  t h e  U n i t e d  S t a t e s  
( I1 1  i n o i s  Coal Associ  a t i o n ,  1983) .  I f  c l e a n i n g  e f f i c i e n c y  i s  e s t i m a t e d  t o  be 
85% ( i  .e., t h a t  15% o f  t h e  raw coa l  was d i sposed  o f  as waste)  , 122 m i l  1  i o n  
t o n s  o f  c o a l  c l e a n i n g  wastes were produced i n  t h e  U n i t e d  S t a t e s  d u r i n g  1981. 
I n  1981, I l l i n o i s  mines produced a p p r o x i m a t e l y  8 m i l  1  i o n  t o n s  o f  coa l  r e f u s e .  
To da te ,  I l l i n o i s  has a p p r o x i m a t e l y  2,146 and 1,619 h e c t a r e s  (5,300 and 4,000 
a c r e s )  o f  l a n d  used as d i s p o s a l  areas f o r  gob and s l u r r y  r e f u s e ,  r e s p e c t i v e l y  
(Nawrot  e t  a1 ., 1982).  These c o a l  r e f u s e  areas a r e  sources o f  a i r  and w a t e r  
p o l  1  u t i o n  and d e t r a c t  f rom t h e  appearance o f  t h e  s u r r o u n d i n g  1  andscape. 

I n v e s t i g a t o r s ,  i n c l  u  i n g  G r i f f i n  e t  a l . ,  ( 1 9 8 0 ) ~  Roy e t  a l .  ( i n  p r e s s ) ,  
Haynes and K l i m s t r a  (1975), Bu t te rmore ,  Simcoe, and Maloy  (1978), and o t h e r s ,  
have chemica l  l y  c h a r a c t e r i  zed c o a l  c l  ean i  ng wastes. However, 1  i t t l e  work has 
been done t o  d e t e r m i n e  t h e  v a r i a b i l i t y  o f  chemica l  c o n s t i t u e n t s  i n  gob p i l e s .  
An e s t i m a t e  o f  t h e  v a r i a b i l i t y  o f  c o n s t i t u e n t s  i s  necessary  t o  deve lop  a  Sam- 
p l i n g  p l a n  w i t h  a  known deyree o f  r e p r e s e n t a t i v e n e s s .  P roper  sampl ing  i s  
e s s e n t i a l  i f  t h e  e n v i  ronmenta l  impact ,  p o t e n t i a l  f o r  ene rgy  resources ,  
and r e c l a m a t i o n  o f  t h e  c o a l  r e f u s e  a reas  a r e  t o  be assessed a c c u r a t e l y .  I n  
s t u d y i n g  methods f o r  c o l  1  e c t i  ng g ross  coa l  sampl es, Aresco and Orn i  ng (1965) 
found t h a t  80% o f  t h e  t o t a l  random e r r o r  v a r i a n c e  i s  n o r m a l l y  a t t r i b u t a b l e  t o  
sampl ing ,  about  15% t o  sample p r e p a r a t i o n  and l e s s  t h a n  5% t o  l a b o r a t o r y  
a n a l y s i s .  T h i s  i n d i c a t e s  t h a t  sampl ing  i s  t h e  l a r g e s t  s i n g l e  source o f  e r r o r .  

Maneval (1977)  suggested t h a t  a gob p i l e  i s  heterogeneous r a t h e r  than  
homogeneous i n  c o m p o s i t i o n  and t h a t  v a r i a t i o n  w i l l  occu r ,  b o t h  h o r i z o n t a l l y  
and v e r t i c a l l y ,  a l t h o u g h  he d i d  n o t  p r o v i d e  d a t a  t o  s u p p o r t  h i s  s ta tements .  
The v a r i a b i l i t y  o f  m a t e r i a l  i n  a  gob p i l e  i s  a  f u n c t i o n  o f  many f a c t o r s ,  
i n c l  u d i n g  chang ing e f f i c i e n c i e s  o f  t h e  c l e a n i n g  process,  m i n i n g  methods, and 



qua1 i t y  o f  t h e  coal  seam. Maneval concluded t h a t  ex tens ive  sarnpl i n g  on t h e  
sur face  and a t  depth must be completed be fo re  accurate est imates o f  t h e  
recoverable B tu  con ten t  o f  a  gob p i l e  can be made. 

Eggert, M i l l e r ,  and Erwin (1980) s t a t e d  t h a t  the  d i s t r i b u t i o n  o f  coal  
w i t h i n  gob p i l e s  i s  l a r g e l y  random, b u t  d i d  no t  present  da ta  t o  suppor t  t h e  
c la im.  They found t h a t  sediment d i s t r i b u t i o n  w i t h i n  s l u r r y  o r  t a i l i n g  ponds 
was n o t  random because d e p o s i t i o n  o f  p a r t i c l e s  was governed by t h e  laws o f  
g r a v i t y  and s e t t l i n g  v e l o c i t i e s  o f  moving f l u i d s .  Through auger samples, they  
determined d i s t i n c t  l a t e r a l  and v e r t i c a l  t rends  o f  t h e  sediments i n  t h e  
pond. M a t e r i a l s  w i t h  h i gh  ash and s u l f u r  and low c a l o r i c  values were found 
where t h e  s l u r r y  entered t h e  pond; m a t e r i a l s  decreased i n  s u l f u r  and had h i g h  
c a l o r i c  va l  ues f a r t h e r  from the  s l u r r y  d ischarge p o i n t ,  C a l o r i c  values, 
p a r t i c l e  s izes ,  and s u l f u r  con ten ts  o f  t h e  d i s t a l  auger samples were v e r t i -  
c a l  l y  s t r a t i  f i e d .  Because gob p i  1  es are deposi ted by d i  f f e r e n t  methods than 
s l u r r y ,  t h e  f a c t o r s  a f f e c t i n g  s l u r r y  d i s t r i b u t i o n  do no t  d i r e c t l y  p e r t a i n  t o  
gob p i1  es. The Eggert s tudy demonstrated t he  need t o  determine whether gob 
p i l e s  have v e r t i c a l  and 1 a t e r a l  s t r a t i  f i c a t i o n  o f  so l  ub le  chemical 
c o n s t i t u e n t s  as we l l  as Btu, ash, and s u l f u r .  

There c u r r e n t l y  a re  no r e g u l a t i o n s  concern ing t h e  hand l ing  o f  abandoned 
coal  re fuse  e i t h e r  a t  t h e  federa l  o r  s t a t e  l e v e l s ,  The Surface Min ing Contro l  
and Recl amation Act o f  1977 (SMCRA) was enacted t o  prevent  poss ib l e  hazards t o  
t h e  environment from coal  min ing by e s t a b l i s h i n g  procedures f o r  d isposa l  o f  
coal  wastes from min ing  and p repa ra t i on  processes, SMCRA prov ides  f o r  t h e  
a1 1  oca t i on  o f  funds f o r  rec lamat ion  o f  abandoned mined lands t h a t  present  a  
hazard t o  t h e  environment, b u t  does no t  e s t a b l i s h  procedures f o r  de te rmin ing  
whether a  s i t e  presents  a  hazard t o  the environment, Th is  responsi  b i l  i t y  may 
be governed by t h e  p r o v i s i o n s  o f  t h e  Clean Water Act o f  1977 o r  t h e  Resource 
Conservat ion and Recovery Act o f  1976 (RCRA). The Clean Water Act does no t  
address e f f l u e n t s  f rom abandoned coal  waste p i l e s  o r  mines. Coal r e fuse  
could,  however, be p o t e n t i a l l y  c l a s s i f i e d  as a  hazardous waste under guide- 
1  i nes devel  oped by RCRA. 

Many l a b o r a t o r y  leach ing  methods, such as t h e  EPA e x t r a c t i o n  procedure 
and t h e  ASTM water o r  a c i d  shake e x t r a c t i o n  procedures have been proposed t o  
assess t he  p o t e n t i a l  environmental  hazard posed by c o n s t i t u e n t s  be ing  leached 
from a soq id  waste. Stud ies t h a t  used these l each ing  procedures ( G r i f f i n  e t  
a l . ,  1980; Roy e t  a l . ,  i n  p ress)  have demonstrated t h a t  gob leacha tes  e x h i b i t  
p o t e n t i a l  c o r r o s i  v i  t y  and have concent ra t ions  o f  c o n s t i t u e n t s  t h a t  a r e  t o x i c  
t o  p l a n t s  and f i s h ,  According t o  RCRA, a l l  o f  these leacha te  c h a r a c t e r i s t i c s  
a re  c r i t e r i a  f o r  l i s t i n g  a  s o l i d  waste o r  i t s  leacha te  as a  hazardous waste. 

To accu ra te l y  eval  uate gob p i  1  es, i t  i s  necessary t o  devel op procedures 
t h a t  w i l l  enable procurement o f  samples o f  gob t h a t  s t a t i s t i c a l l y  represen t  
t h e  v a r i a b i l i t y  o f  t h e  re fuse  m a t e r i a l s  i n  t he  p i l e s .  Determin ing t h e  v a r i a -  
b i l  i t y  t h a t  can be expected from t h e  s o l u b l e  components o f  t h e  re fuse  m a t e r i a l  
i s  t h e  f i r s t  s tep i n  dev i s i ng  such a  procedure f o r  c o l l e c t i o n  o f  gob samples. 



The purpose o f  t h i s  s tudy  was t o  i n v e s t i g a t e  t h e  v a r i a b i l i t y  o f  c o n c e n t r a t i o n s  
o f  wa te r  s o l  u h l e  components e x t r a c t e d  f rom s o l  i d  samples o f  two abandoned gob 
p i l e s .  The American S o c i e t y  f o r  T e s t i n g  and M a t e r i a l s  Method A wa te r  shake 
e x t r a c t i o n  procedure (ASTM-A shake t e s t ;  ASTM, 1979a) was used i n  t h i s  s tudy.  
From t h e  r e s u l t s ,  guide1 i n e s  were developed f o r  t h e  c o l l e c t i o n  o f  samples t o  
be used i n  o t h e r  l e a c h i n g  s t u d i e s  o f  gob p i l e s .  

Two c o a l  r e f u s e  s i t e s  i n  wes te rn  I l l i n o i s  were chosen f o r  t h i s  s tudy .  
Auger c u t t i n g s  and s p l i t - s p o o n  samples were c o l l e c t e d  f rom h o l e s  d r i l l e d  a t  
randomly s e l e c t e d  i n t e r s e c t i o n s  o f  a r e c t a n g u l a r  g r i d  superimposed on each 
s i t e .  Standard techn iques  were used t o  c o l l  e c t  sp l  i t-spoon samples a t  d i  s- 
c r e t e  dep th  i n t e r v a l  s  th roughou t  t h e  gob p i  l es. The s p l  i t-spoon samples were 
t h e n  s u b j e c t e d  t o  t h e  ASTM-A shake t e s t  procedure.  Se lec ted  s p l i t - s p o o n  sam- 
p l e s  underwent s o l i d  ana lyses t o  de te rm ine  B t u  and s u l f u r  c o n t e n t  as w e l l  as 
o t h e r  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  s o l  i d  samples. Concent r a t i o n s  f o r  26 
chemical  c o n s t i t u e n t s  as w e l l  as pH, EC ( e l e c t r i c a l  conductance) ,  and Eh 
( o x i d a t i o n - r e d u c t i o n  p o t e n t i  a1 ) were determined f o r  each shake t e s t  e x t r a c t .  
The r e s u l t s  o f  t h e  shake t e s t s  underwent s t a t i s t i c a l  e v a l u a t i o n  t o  de te rm ine  
t h e  v a r i a b i l i t y  o f  c o n s t i t u e n t  c o n c e n t r a t i o n s ,  t r e n d s  i n  c o n s t i t u e n t  concen t ra  
t i o n s  r e l a t e d  t o  sampl ing dep th  and l o c a t i o n ,  and t h e  number o f  samples 
r e q u i r e d  t o  e s t i m a t e  p o p u l a t i o n  means w i t h i n  a  d e f i n e d  e r r o r  o r  c o s t .  

C o l l e c t i o n  o f  r e p r e s e n t a t i v e  gob p i l e  samples t o  he used i n  l e a c h a t e  
g e n e r a t i o n  s t u d i e s  can be a  d i f f i c u l t  and somewhat complex t a s k .  Each gob 
p i l e  has i t s  own p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  t h a t  must be cons ide red  
when p l a n n i n g  a  sampl ing p r o t o c o l .  The s e l e c t i o n  o f  t h e  parameters t o  be 
de te rm i  ned, a1 1  owable e r r o r s ,  and con f idence  l i m i  t s  must be t a i  1  ored t o  t h e  
h y p o t h e s i s  i n  q u e s t i o n  and r e f l e c t e d  i n  t h e  sampl ing p lan .  

C o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  AST -A shake t e s t  e x t r a c t s  compared 
f a v o r a b l y  w i t h  those  o f  f i e l d -  and l a b o r a t o r y - p r o d u c e d  l e a c h a t e s  r e p o r t e d  i n  
t h e  1  i t e r a t u r e  (Schu l  l e r ,  Krapac, and G r i f f i n ,  l % l ) ,  i n d i c a t i n g  t h a t  t h e  
ASTM-A t e s t  may s i m u l a t e  t h e  c o n d i t i o n s  o f  f i e l d  env i ronments .  The pH va lues  
o f  e x t r a c t s  ranged f r o m  1.55 t o  5.04. On t h e  b a s i s  o f  a  compar ison between t h e  
amount o f  each c o n s t i t u e n t  i n  t h e  so l  i d  and t h e  c o n c e n t r a t i o n s  o f  t h e  
c o n s t i t u e n t s  i n  t h e  e x t r a c t s  (on  a  we igh t  p e r c e n t  b a s i s ) ,  t h e  most s o l u b l e  
c o n s t i t u e n t s  i n  t h e  s o l i d  waste were found t o  be Co, N i ,  Mn, Ca, and Zn. 
However, among a l l  t h e  c o n s t i t u e n t s  i n  t h e  e x t r a c t s ,  A l ,  Ca, Fe, SO,, and Zn 
common1 y showed t h e  h i g h e s t  absol u t e  concent r a t i o n s ,  

P r e l i m i n a r y  e v a l u a t i o n  o f  t h e  e x t r a c t  d a t a  showed t h a t  f o r  most c o n s t i t -  
uen ts  t h e  mean c o n c e n t r a t i o n  o f  a  c o n s t i t u e n t  f o r  a l l  samples f r o m  a  d r i l l  
h o l e  was p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  va r iance ,  That is, when t h e  mean 
c o n c e n t r a t i o n s  and v a r i a n c e s  o f  a  c o n s t i t u e n t  were compared among a l l  d r i l l  
ho les ,  t h o s e  w i t h  h i g h e r  mean c o n c e n t r a t i o n s  a l  so had l a r g e r  va r iances .  The 
s t a t i s t i c a l  p rocedures used i n  t h i s  s tudy  r e q u i r e  t h a t  means and va r iances  o f  
d i s t r i b u t i o n s  n o t  be r e l a t e d .  The means and v a r i a n c e s  o f  t h e  common l o g a -  
r i  thms o f  c o n s t i t u e n t  c o n c e n t r a t i o n s  u s u a l l y  f u l  f i l l e d  t h i s  independence 
r e q u i  rement . 



The v a r i a t i o n  o f  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  genera ted  by  
r e p l i c a t i o n  o f  t h e  p r e p a r a t i o n ,  e x t r a c t i o n ,  and a n a l y s i s  o f  t h e  same sample 
was smal l  ; i n  most cases c o e f f i c i e n t s  o f  v a r i a t i o n  were l e s s  than  5%. The 
w i t h i n - s a m p l e  v a r i a n c e  f o r  most c o n s t i t u e n t s  c o n t r i b u t e d  l e s s  t h a n  5% t o  t h e  
t o t a l  v a r i  ances o f  e x t r a c t  c o n c e n t r a t i  ons genera ted by samples c o l  1  e c t e d  a t  
d i f f e r e n t  dep ths  and l o c a t i o n s .  A rsen ic ,  B ,  Co, K, and V e x h i b i t e d  t h e  
g r e a t e s t  w i  t h i n - s a m p l  e  va r iances ;  t h e i  r c o e f f i c i e n t s  o f  v a r i a t i o n  were g r e a t e r  
t h a n  25%. The l a r g e  v a r i a t i o n  f o r  t h e s e  c o n s t i t u e n t s  can be a t t r i b u t e d  
1  a r g e l y  t o  l a c k  o f  a n a l y t i c a l  p r e c i s i o n .  Many o f  t h e  measured c o n c e n t r a t i o n s  
were c l o s e  t o  t h e  d e t e c t i o n  l i m i t s  o f  t h e  i n d u c t i v e l y  coup led  argon plasma 
spec t ropho tomete r  ( I C A P )  used f o r  a n a l y s i s  i n  t h i s  s tudy.  Recause t h e  w i t h i n -  
sample v a r i a n c e  c o n s t i t u t e d  such a smal l  p a r t  o f  t h e  t o t a l  v a r i a n c e ,  use o f  
o n l y  one r e p l i c a t e  (one shake t e s t  e x t r a c t )  pe r  s p l i t - s p o o n  sample was 
c o n s i d e r e d  r e p r e s e n t a t i v e  o f  t h e s e  sampl es. 

Severa l  c o n s t i t u e n t s  i n  t h e  e x t r a c t s  and t h e  s o l  i d  samples e x h i b i t e d  
s t r o n g  r e l a t i o n s h i p s  ( 1 r 1 > 0.70) between t h e i r  c o n c e n t r a t i o n s  and t h e  sample 
c o l l e c t i o n  d e p t h  and between each o t h e r .  These r e l a t i o n s h i p s  c o u l d  a l l o w  f o r  
t h e  g r o u p i n g  o f  c o n s t i t u e n t s  by  r a t i o  e s t i m a t o r s .  

R e s u l t s  o f  t h e  genera l  l i n e a r  model (GLM) procedure ,  i n  wh ich  t h e  L i t t l e  
flog e x t r a c t  d a t a  were grouped i n t o  f i v e  d e p t h  zones, i n d i c a t e d  t h a t  a l l  24 
e x t r a c t  c o n s t i t u e n t  c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  d i f f e r e n t  due t o  
sampl ing  l o c a t i o n  ( h o l e ) .  A l l  b u t  f o u r  c o n s t i t u e n t s  (Be, Cd, K, and S i )  were 
s i g n i  f i  c a n t l y  d i f f e r e n t  i n  re1 a t i o n  t o  sampl i n g  depth .  The Tukey-Kramer t e s t  
i n d i c a t e d  t h a t  t h e  f i r s t  d e p t h  zone ( 0  t o  1.5 m) grouped s e p a r a t e l y  f rom t h e  
o t h e r  f o u r  zones f o r  A l ,  Ca, C1, C r ,  EC, Fe, Mg, Mn, Na, N i ,  pH, SO4, TOC 
( t o t a l  o r g a n i c  c a r b o n ) ,  and V .  The t o p  and b o t t o m  d e p t h  zones ( 0  t o  1.5 m  and 
>9.5 m) were equal  and s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  m i d d l e  dep th  zones 
(1.6 t o  9.5 m) f o r  B, Ba, and Co. 

S u p e r i o r  Washer d a t a  showed fewer d i f f e r e n c e s  due t o  sampl ing  l o c a t i o n  
and depth .  As, Ca, Cd, C1, Cu, Eh, Fe, pH, and V showed no s i g n i f i c a n t  
d i f f e r e n c e  due t o  sampl ing  l o c a t i o n ;  A1 , As, Ba, Ca, Cd, Cr, Eh, Fe, Mn, SO,, 
and V were n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  r e l a t i o n  t o  sampl ing  depth .  O f  
t h o s e  c o n s t i t u e n t s  s i g n i f i c a n t l y  d i f f e r e n t  due t o  depth ,  B, Cu, Ni ,  and Si  
were found i n  t h e  t o p  d e p t h  zone ( 0  t o  1.5 m) a t  d i f f e r e n t  c o n c e n t r a t i o n s  t h a n  
t h e  m i d d l e  and bo t tom zones (1.6 t o  >3.4 m); C1, EC, K, pH, and Zn grouped i n  
t h e  b o t t o m  zone d i f f e r e n t l y  t h a n  i n  t h e  t o p  and m i d d l e  zones. 

Comparison o f  mean c o n s t i t u e n t  c o n c e n t r a t i o n s  between t h e  two s t u d y  s i t e s  
showed t h a t  o n l y  A1 , B, S i  , and SO, i n  t h e  e x t r a c t s  c o u l d  be c o n s i d e r e d  s t a -  
t i s t i c a l l y  equal  a t  t h e  95% c o n f i d e n c e  l e v e l  . Mean c o n c e n t r a t i o n s  o f  a l l  
o t h e r  c o n s t i t u e n t s  were c o n s i d e r e d  s t a t i  s t i c a l  l y  d i  f f e r e n t ,  There were a1 so 
d i f f e r e n c e s  i n  l e v e l s  o f  v a r i a t i o n  between s i t e s .  A l though  many o f  t hese  
d i  f f e r e n c e s  i n  v a r i a t i o n  were n o t  s t a t i s t i c a l l y  s i g n i  f i c a n t ,  t h e y  were 
r e f l e c t e d  i n  t h e  sample numbers needed t o  ach ieve  a  degree o f  r e p r e s e n t a t i v e -  
ness between t h e  sample and t h e  e n t i  r e  gob p i l e .  These r e s u l t s  i n d i c a t e d  t h a t  
each gob p i l e  must be t r e a t e d  i n d i v i d u a l l y  when d e v e l o p i n g  a  sampl i n g  p l a n .  
One must  remember t h a t  t h e s e  f i n d i n g s  were based on o n l y  two  gob p i l e s ;  when 
more gob p i l e s  a r e  i n v e s t i g a t e d ,  s i m i l a r i t i e s  between p i l e s  may be found. 

The p a t t e r n  o f  v a r i a t i o n  between s i t e s  w i t h  r e s p e c t  t o  h o l e  l o c a t i o n  and 
d e p t h  suggests  t h a t ,  i n  genera l ,  gob p i l e s  a r e  n o t  homogeneous and cannot  he 
r e p r e s e n t e d  by a  s i m p l e  sampl ing  method. The samp l ing  d e s i g n  used t o  i n v e s t i g a t e  
gob p i l e  c h a r a c t e r i s t i c s  must  be c a r e f u l l y  t a i l o r e d  t o  t h e  s t u d y  h y p o t h e s i s .  



The number o f  samples necessary  t o  ach ieve  a  g i v e n  v a r i a n c e  w i t h i n  a  p a r -  
t i c u l  a r  c o s t  c o n s t r a i n t  may be de te rm i  ned t h r o u g h  an approach t h a t  u t i  1  i zes an 
o p t i m a l  a l l o c a t i o n  o f  resources .  By p a r t i t i o n i n g  t h e  sample v a r i a n c e s  f o r  
each c o n s t i t u e n t  i n t o  v a r i a n c e s  r e s u l t i n g  f rom sampl i ng l o c a t i o n  ( h o l e )  , 
dep th ,  and e r r o r ,  t h e  v a r i a n c e s  can be used as a  g u i d e  f o r  d e t e r m i n i n g  sample 
s i z e s  f o r  o t h e r  gob p i l e s  (assuming s i m i l a r  l e v e l s  o f  v a r i a n c e )  w i t h o u t  t h e  
s t i p u l a t i o n  t h a t  t h e  sampl ing  scheme be i d e n t i c a l  t o  t h a t  used i n  t h i s  s tudy .  
Equa t ions  f o r  e s t i m a t i n g  t h e  p o p u l a t i o n  v a r i a n c e  o f  a  p a r t i c u l  a r  c o n s t i t u e n t  
and t h e  c o s t  o f  c o l l e c t i n g  and a n a l y z i n g  samples were used t o  deve lop  computer  
programs t h a t  de te rm ined  t h e  number o f  samples r e q u i  r e d  t o  m i n i m i z e  c o s t  f o r  a  
f i x e d  v a r i a n c e  o r  t o  m i n i m i z e  v a r i a n c e s  f o r  a  f i x e d  c o s t ,  

A d e t a i l e d  sampl i n g  p l  an s h o u l d  be deve loped t o  ensure  t h a t  t h e  o b j e c t i v e s  
under  i n v e s t i g a t i o n  can be ach ieved.  The p r i n c i p a l  s t e p s  i n  d e v e l o p i n g  a  
samp l ing  p l a n  a re :  1) i d e n t i f i c a t i o n  of t h e  g o a l s  f o r  t h e  s tudy,  i.e., what 
hypotheses a r e  b e i n g  t e s t e d ,  2 )  i d e n t i f i c a t i o n  o f  t h e  t y p e  o f  d a t a  r e l e v a n t  t o  
t h e  g o a l s  o f  t h e  s tudy .  3 )  i d e n t i f i c a t i o n  o f  t h e  p o p u l a t i o n  t o  be sampled, 
4 )  s p e c i f i c a t i o n  o f  t h e  degree o f  p r e c i s i o n  o f  the  r e s u l t s  - samples a r e  a l -  
ways s u b j e c t  t o  some u n c e r t a i n t y  because o n l y  p a r t  o f  t h e  p o p u l a t i o n  has been 
measured and e r r o r s  occu r  i n  measurements, 5 )  s e l e c t i o n  o f  t h e  sample - 
because o n l y  a  p o r t i o n  o f  t h e  p o p u l a t i o n  i s  b e i n g  sampled, t h e  sample must  
c o v e r  t h e  whole o f  t h e  p o p u l a t i o n  and n o t  o v e r l a p ,  6 )  s e l e c t i o n  o f  t h e  sample 
s i z e s  - a  v a r i e t y  o f  samp l ing  s t r a t e g i e s  a r e  a v a i l a b l e ;  f o r  each s t r a t e g y ,  
e s t i m a t e s  o f  t h e  number o f  samples to be c o l l e c t e d  can be made f rom a  knowl-  
edge o f  t h e  degree o f  p r e c i s i o n  d e s i r e d ,  and 7 )  i d e n t i f i c a t i o n  o f  s t a t i s t i c a l  
methods f o r  summariz ing and f o r m i n g  i n f e r e n c e s  f rom t h e  d a t a  genera ted by  t h e  
sample . 

On t h e  b a s i s  o f  t h i s  s tudy,  t h e  f o l l o w i n g  recommendations a r e  made f o r  
t h e  c o l  l e c t i o n  o f  c o a l  r e f u s e  samples f o r  l e a c h a t e  g e n e r a t i o n  s t u d i e s  : 

1) V a r i a t i o n s  i n  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  l a b o r a t o r y  produced 
e x t r a c t s  a r e  r e l a t e d  t o  samp l ing  depth ;  t h i s  suggests  t h a t  samples shou ld  be 
c o l l e c t e d  a t  v a r i o u s  depths  i n  t h e  p i l e .  

2 )  I f  o n l y  t h e  mean c o n c e n t r a t i o n  f o r  a  p a r t i c u l a r  c o n s t i t u e n t  i s  o f  
i n t e r e s t  i n  a  p i l e ,  t h e n  a  con t inuous  c o r e  sample c o u l d  be c o l l e c t e d  f rom each 
sampl i ng 1  o c a t  i on, 

3 )  I f  c o n c e n t r a t i o n  t r e n d s  due t o  sample d e p t h  a re  o f  i n t e r e s t ,  samples 
shou ld  be c o l  1  e c t e d  e q u i d i  s t a n t  f rom each o t h e r  and a t  s i m i  1 a r  sampl i ng dep ths  
so t h a t  t h e  s t a t i s t i c a l  models used t o  eva l  u a t e  t h e  d a t a  w i l l  be f r e e  o f  empty 
d a t a  c e l l s  and sample s i z e s  a t  v a r i o u s  dep ths  w i l l  be s i m i l a r .  

4 )  Sample l o c a t i o n  was found t o  have an e f f e c t  on c o n s t i t u e n t  concen t ra -  
t i o n s  i n  t h e  e x t r a c t s ,  wh ich  i m p l i e s  t h a t  samples shou ld  be c o l l e c t e d  f rom 
v a r i o u s  sampl i n g  l o c a t i o n s  on t h e  gob p i l e .  Many sampl i n g  s t r a t e g i e s  a re  
a v a i l a b l e ;  however, we suggest  f o r  s t a t i s t i c a l  v a l i d i t y  t h a t  a  random o r  a  
s t r a t i  f i ed sampl i ng p l  an be used. General  1  y, samples shou ld  be c o l  1  e c t e d  f rom 
t h e  p e r i p h e r y  as w e l l  as t h e  c e n t e r  o f  t h e  gob p i l e ,  

5 )  C o n s t r a i n t s  due t o  t i m e ,  f i n a n c e s ,  
c o l l e c t i o n  p e r i o d ,  I f  a  s i n g l e  sampl ing  p l  

e t c .  may l i m i t  sampl ing  t o  one 
an i s  implemented,  and t h e  



v a r i a b i l  i t y  of t h e  c o n s t i t u e n t  i n  t h e  gob p i l e  under s t u d y  i s  unknown, t h e  
number o f  samples r e q u i  r e d  t o  ach ieve  a  d e f i n e d  degree o f  p r e c i s i o n  may be 
d i f f i c u l t  t o  e s t i m a t e .  The sample s i z e s ,  methods, and v a r i a n c e s  g i v e n  i n  t h i s  
r e p o r t  may be used as a  g u i d e  f o r  c o l l e c t i n g  an adequate number o f  samples. 

6 )  I f  t h e  sample s i z e s  l i s t e d  i n  t h i s  r e p o r t  a r e  used i n  o t h e r  s t u d i e s ,  
t h e  r e l a t i v e l y  l a r g e  number o f  samples r e q u i  r e d  t o  have t h e  sample mean w i t h i n  
a  d e f i n e d  e r r o r  l e v e l  o f  t h e  p o p u l a t i o n  mean f o r  some e x t r a c t  c o n s t i t u e n t s  may 
p r o h i b i t  a l l  t h e  samples f rom b e i n g  ana lyzed.  We suggest  t h a t  a1 1  t h e  samples 
be c o l l e c t e d  b u t  o n l y  between 5 and 30 samples be ana lyzed  i n i t i a l l y .  From 
t h e s e  r e s u l t s  a  sample mean and v a r i a n c e  can be determined.  The v a r i o u s  
methods l i s t e d  i n  t h i s  r e p o r t  can t h e n  be used t o  es t ima te .  t h e  number o f  
samples r e q u i r e d  t o  a c h i e v e  a  c e r t a i n  p r e c i s i o n ,  c o s t ,  o r  v a r i a n c e .  

7 )  A t i e r e d  sampl i n g  p l a n  i n v o l v i n g  a  p r e t e s t  may i n c r e a s e  p r e c i s i o n  o f  
t h e  sample data .  The p r e t e s t  may r e v e a l  p rob lem areas and a1 1  ow improvement 
o f  t h e  i n i t i a l  samp l ing  p l a n .  A p r e t e s t  i n c l u d e s  c o l l e c t i o n  and a n a l y s i s  o f  
a p p r o x i m a t e l y  30 samples; a  sample s i z e  f o r  t h e  p r e c i s i o n  l e v e l  d e s i  r e d  i s  
c a l c u l a t e d  f rom t h e  mean and v a r l a n c e  o f  t h e  p r e t e s t  sample. The c o l l e c t i o n  
o f  30 samples i s  somewhat a r b i t r a r y  b u t ,  on t h e  b a s i s  o f  t h e  C e n t r a l  L i m i t  
Theorem o f  s t a t i s t i c s ,  sample s i z e s  g r e a t e r  t h a n  30 a r e  more l i k e l y  t o  he 
normal l y  d i s t r i b u t e d .  T h i s  a1 l ows  t h e  use o f  c e r t a i n  s t a t i s t i c a l  
t echn iques .  Once t h e  sample s i z e  has been c a l c u l a t e d  f rom t h e  p r e t e s t  sample, 
f u r t h e r  samples a r e  t h e n  c o l  1  e c t e d  , i f  necessary,  t o  f u l  f i 11 t h e  p r e c i  s i  on 
r e q u i  rements e s t a b l  i shed i n  t h e  sampl i ng p l a n .  

F i f t e e n  gob s i t e s  were c o n s i d e r e d  f o r  p o s s i b l e  use i n  t h i s  s tudy .  The L i t t l e  
Dog Mine and S u p e r i o r  Washer s i t e s  near  t h e  town o f  G i l  l e s p i e ,  Macoupin 
County,  i n  sou thwes te rn  I 1  1  i n o i  s  were s e l e c t e d  . The c r i  t e r i  a  f o r  d e t e r m i  n i  ng 
s i t e  s e l e c t i o n  were: 1 )  s i z e  - a  gob p i l e  r a n g i n g  f rom 4 t o  20 h e c t a r e s  (10 
t o  50 a c r e s )  was f e l t  t o  be manageable w i t h i n  t h e  t i m e  c o n s t r a i n t s  o f  t h e  
s t u d y ;  2 )  a c c e s s i b i l i t y  - t h e  s i t e  had t o  be a c c e s s i b l e  by a  p o r t a b l e  d r i  11 i n g  
r i g ;  3 )  ownersh ip  - t h e  owner o f  t h e  s i t e  had t o  be known i n  o r d e r  t o  o b t a i n  
permi s s i  on t o  c o l  1  e c t  sampl es, 

The S u p e r i o r  Washer s i t e  i s  l o c a t e d  i n  Macoupin County, S e c t i o n  1 7 ,  T. 
8N., R e  6W., a p p r o x i m a t e l y  1.6 k i l o m e t e r s  e a s t  o f  t h e  town o f  G i l  l e s p i e .  
Between 1937 and 1950 t h e  Washer s i t e  r e c e i v e d  H e r r i n  (No. 6 )  Coal from f o u r  
deep mines ( l a b e l l e d  S# l ,  S#2, S#3, and S#4 i n  f i g .  1 )  f o r  c l e a n i n g  and s h i p p i n g .  

The S u p e r i o r  Washer s i t e  cove rs  r o u g h l y  22 h e c t a r e s  (54  a c r e s ) .  The s i t e  
i s  a  l o w  f l a t  p l a t e a u ,  b u t  has l a r g e  g u l l  i e s  and a  c o n i c a l  p i l e  o f  gob 
a p p r o x i m a t e l y  9.2 m  (30 f t )  t a l l  i n  t h e  c e n t e r  o f  t h e  s i t e .  Two i n t e r m i t t e n t  
t r i b u t a r i e s  o f  S p r i n g  Creek d r a i n  t h e  s i t e  a l o n g  t h e  e a s t e r n  s i d e  o f  t h e  
p r o p e r t y .  Rai 1  road  t r a c k s ,  a  fa rm f i e l d ,  and a  coun ty  road r u n  a l o n g  t h e  
western ,  n o r t h e r n ,  and s o u t h e r n  edges o f  t h e  p r o p e r t y ,  r e s p e c t i v e l y .  

The sou the rn  o n e - t h i  r d  o f  t h e  p r o p e r t y  has been used as a  dump f o r  t r e e  
t r i m m i n g s ,  househo ld  r e f u s e ,  and c o n s t r u c t i o n  m a t e r i  a1 s .  The boundar ies  o f  
t h e  area s t u d i e d  were r e s t r i c t e d  t o  t h e  n o r t h e r n  t w o - t h i r d s  and a r e  d e f i n e d  b y  
t h e  r a i l r o a d  t r a c k s  t o  t h e  west ,  t h e  fa rm f i e l d  t o  t h e  n o r t h ,  t h e  d r a i n a g e  
d i t c h  t o  t h e  e a s t ,  and t h e  l a r g e  gob p i l e  and t h e  e r o s i o n  g u l l i e s  b e s i d e  i t  t o  
t h e  sou th .  



The coa l  r e f u s e  a t  t h e  S u p e r i o r  Washer s t u d y  area ranges i n  t h i c k n e s s  
f rom 3.0 m t o  6.7 m ( 1 0  f t  t o  22 f t )  . A 1  aye r  o f  gob c o n s i s t i n g  o f  coa l  , 
p y r i t i z e d  f u s i o n s ,  sha le ,  and c l a y  over1  i e s  a  l a y e r  o f  s l u r r y .  The gob l a y e r  
v a r i e s  i n  t h i c k n e s s  f rom 1.5 rn t o  4.6 m  ( 5  f t  t o  15 f t ) .  The s l u r r y  i s  
a p p r o x i m a t e l y  1.5 m  ( 5  f t )  t h i c k  and a l s o  c o n t a i n s  c o a l ,  sha le ,  c l a y ,  and 
p y r i t e .  

The L i t t l e  Dog s i t e  i s  l o c a t e d  i n  Macoupin County, i n  S e c t i o n  13, T. 8N., 
R. 7W., a p p r o x i m a t e l y  0.4 k i l o m e t e r s  n o r t h  o f  t h e  town o f  G i l l e s p i e  ( f i g .  
1 ) .  The L i t t l e  Dog Mine was i n  o p e r a t i o n  f rom 1919 t o  1968. D u r i n g  t h i s  
p e r i o d  a  t o t a l  o f  1.16 x  1 0 l o  kg (1.28 x l o 7  t o n s )  o f  H e r r i n  (No. 6 )  Coal was 
mined and c leaned.  

The L i t t l e  Dog s i t e  occup ies  r o u g h l y  20.9 h e c t a r e s  ( 5 1  a c r e s ) ,  o f  wh ich  
4.0 h e c t a r e s  (9.8 a c r e s )  a r e  gob, 4.0 h e c t a r e s  a r e  s l u r r y ,  4.3 h e c t a r e s  (10.6 
a c r e s )  a r e  t i p p l e ,  and 8.6 h e c t a r e s  (21.2 a c r e s )  a re  o f f - s i t e  areas a f f e c t e d  
by t h e  wastes.  V i s u a l  i n s p e c t i o n  o f  t h e  s i t e  shows t h r e e  d i s t i n c t  a reas:  
1 )  a  p i l e  a p p r o x i m a t e l y  12.2 m  (40 f t )  t a l l ,  composed o f  gob and s l u r r y  and 
l o c a t e d  a t  t h e  s o u t h e a s t  c o r n e r  o f  t h e  p r o p e r t y ;  2 )  a  s l u r r y  pond l o c a t e d  a t  
t h e  n o r t h e a s t  c o r n e r  o f  t h e  p r o p e r t y  and; 3 )  a  gob p i l e  - t h e  o b j e c t  o f  o u r  
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Figure I .  Location of t h e  L i t t l e  Dog and Superior Washer gob piles. 



s t u d y  - l o c a t e d  a t  t h e  n o r t h w e s t  c o r n e r  o f  t h e  p r o p e r t y .  The L i t t l e  Dog s i t e  
i s  d r a i n e d  t o  t h e  n o r t h  and west  by two i n t e r m i t t e n t  d r a i n a g e  d i t c h e s  t h a t  
e n t e r  a  smal l  s t ream l o c a t e d  a long  t h e  e a s t e r n  edge o f  t h e  p r o p e r t y .  T h i s  
s t ream f l o w s  t h r o u g h  t h e  town o f  G i l l e s p i e  and e n t e r s  Bear Creek, a  t r i b u t a r y  
o f  Cahokia Creek, 

The L i t t l e  Dog s i t e  i s  bounded b y  an abandoned r a i l  r oad  l i n e  t o  t h e  west ,  
a  farm f i e l d  t o  t h e  n o r t h ,  a  d r a i n a g e  d i t c h  t o  t h e  e a s t ,  and houses t o  t h e  
southwest .  The gob p i l e  i n  t h e  n o r t h w e s t  c o r n e r  o f  t h e  p r o p e r t y  was chosen as 
t h e  s t u d y  area.  The p i l e  ranges i n  h e i g h t  f rom 3.0 rn t o  13.7 m (10  f t  t o  45 
f t )  . Th i  s  area i s  bounded b y  t h e  abandoned r a i  1  1  i ne and farm f i e l  d  t o  t h e  
west  and n o r t h ,  r e s p e c t i v e l y .  The s l  u r r y  pond forms t h e  e a s t e r n  boundary;  t h e  
s l u r r y  pond r e t a i n i n g  w a l l  and a  l a r g e  g u l l y  forn i  t h e  sou the rn  boundary.  

A e r i a l  photographs,  7.5 m i n u t e  quadrang le  maps, and v i  sua l  i n s p e c t i o n  o f  t h e  
s i t e s  were used t o  d e t e r m i n e  t h e  d imens ions o f  t h e  s tudy  areas,  The L i t t l e  
Dog s t u d y  a rea  i s  158 m l o n g  by 96 m  wide by  12 m h i g h  (520 f t  by 315 f t  by 40 
f t ) .  The S u p e r i o r  Washer s t u d y  a rea  i s  380 m  l o n g  by 350 m w ide by 6  rn h i g h  
(1250 f t  by 1156 f t  by 20 f t ) .  

A  g r i d  system, e n a b l i n g  a  randoin s e l e c t i o n  o f  sampl ing  p o i n t s ,  was 
e s t a b l i s h e d  a t  each o f  t h e  s t u d y  areas.  A e r i a l  photographs were used t o  
o r i e n t  t h e  g r i d ,  de te rm ine  g r i d  p o i n t  spac ings,  and t o  s e l e c t  a  base s t a t i o n  
f rom which t o  l a y  t h e  g r i d .  A 50.3 m (165 f t )  l o n g  measur ing  t a p e  and 
magne t i c  compass were used t o  make i n t e r s e c t i n g  n o r t h - s o u t h  and east -west  
t r a v e r s e s  f rom t h e  base s t a t i o n  a t  each s t u d y  area.  Stakes were d r i v e n  a t  
15.2 m (50  f t )  i n t e r v a l s  a l o n g  t h e  t r a v e r s e s  a t  t h e  L i t t l e  Dog s i t e  and a t  
38.1 m  (125 f t )  i n t e r v a l s  a t  t h e  S u p e r i o r  Washer s i t e .  A t  each a rea  t h e  
r e m a i n i n g  p o r t i o n s  o f  t h e  g r i d  were measured f rom t h e  base s t a t i o n  and t h e  
t r a v e r s e s .  G r i d  p o i n t  l o c a t i o n s  were checked p e r i o d i c a l l y  w i t h  t h e  compass. 
Seventy and 85 g r i d  p o i n t s  were p l o t t e d  a t  t h e  L i t t l e  Dog and S u p e r i o r  Washer 
s i t e s ,  r e s p e c t i v e l y .  A c o o r d i n a t e  system a1 l o w i n g  i d e n t i f i c a t i o n  o f  each g r i d  
p o i n t  by a  n u m b e r - l e t t e r  p a i r  was adopted. A  random d raw ing  u s i n g  t h e  number- 
1  e t t e r  p a i  r s  was used t o  d e t e r m i n e  wh ich  g r i d  p o i n t s  would be used as sampl i ng 
s i t e s .  

Topograph ic  s u r v e y i n g  a t  each s i t e  was done w i t h  a  hand l e v e l ,  l e v e l i n g  rod,  
and a e r i a l  pho tos  t h a t  used t h e  g r i d  p o i n t  s takes  as r e f e r e n c e s .  Readings 
were made t o  t h e  n e a r e s t  0.15 rn (0.5 f t )  and t h e  accu racy  o f  t h e  e l e v a t i o n s  o f  
any p o i n t  was 0.3 m ( 1  f t )  , Contour  maps o f  each s i t e  a r e  i n  1.5 rn ( 5  f t )  
c o n t o u r  i n t e r v a l  s .  

The t o p o g r a p h i c  maps o f  t h e  L i t t l e  Dog and S u p e r i o r  Washer s i t e s  a r e  
shown i n  f i g u r e s  2  and 3, r e s p e c t i v e l y .  Datum p o i n t s ,  MO and I0  ( n a t i v e  s o i l  
s u r f a c e )  were s e l e c t e d  a t  t h e  L i t t l e  Dog and S u p e r i o r  Washer s i t e s ,  
r e s p e c t i v e l y ,  and ass igned an e l e v a t i o n  o f  0.0 f e e t ,  The e l e v a t i ~ n s  used t o  
c o n s t r u c t  each map a r e  i n  r e l a t i o n  t o  t h i s  p o i n t  i n s t e a d  o f  mean sea l e v e l  
because we were i n t e r e s t e d  i n  t h e  s i z e  and shape o f  t h e  p i l e s  r e l a t i v e  t o  t h e  
normal ,  n e a r l y  h o r i z o n t a l  s o i l  s u r f a c e  a t  t h e  r e s p e c t i v e  s i t e s .  The l o c a t i o n s  
o f  s t a k e s  m a r k i  ng t h e  g r i d  i n t e r s e c t i  ons and t h e i  r c o r r e s p o n d i  ng e l  e v a t i  ons 
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Figure 2. Contour map of the L i t t l e  Dog gob p i l e  study area. 
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Figure 3. Contour map of the Superior Washer gob pile study area. 



a r e  no ted  on t h e  map, Sampl ing l o c a t i o n s  and t h e  access roads t o  t h e  p i l e  a r e  
a1 so i n d i c a t e d  on t h e  maps, 

D e t e r m i n i n g  t h e  v a r i a b i l i t y  o f  chemical  c o n s t i t u e n t s  i n  t h e  gob p i l e s  r e -  
q u i  r e d  t h a t  sp1 i t-spoon sampl es be c o l  1  e c t e d  a t  v a r i o u s  depths  and 1  o c a t i  ons 
i n  t h e  p i 1  es. A Mobi le@ R30-S, t r a i l e r - m o u n t e d  d r i l l  i n g  r i g  was used t o  
c o l  l e c t  s p l  i t-spoon and auger c u t t i  ng samples. Steep s lopes  and g u l l  i es 
i n t e r f e r e d  w i t h  t h e  access o f  heavy equipment t o  t h e  gob p i l e s ;  i n  some 
i n s t a n c e s ,  roads had t o  be c o n s t r u c t e d  t o  g r i d  p o i n t  l o c a t i o n s .  

A s t a n d a r d  e n g i n e e r i n g  sp l  i t - s p o o n  sampler  was used t o  c o l l e c t  c o r e  
samples a t  d i s c r e t e  0.6 m ( 2  f t )  i n t e r v a l s .  The sampler  c o n s i s t e d  o f  a  0.6 m 
( 2  f t )  l o n g  by 5.1 crn ( 2  i n . )  OD t h i c k  w a l l e d  s t e e l  t u b e  t h a t  had been c u t  i n  
h a l f  l e n g t h w i s e  and th readed  a t  b o t h  ends. A b l u n t  edged nose p i e c e  w i t h  a  
sample c a t c h e r  was a t t a c h e d  t o  t h e  down-hole end o f  t h e  sampler .  The s p l i t -  
spoon assembly was a t t a c h e d  t o  1.5 m ( 5  f t )  l e n g t h s  o f  " A "  r o d  and lowered  
t h r o u g h  t h e  c e n t e r  o f  a  h o l l o w  stem auger. A 64 kg (140 1b) hammer and p u l l e y  
assembly was t h e n  used t o  d r i v e  t h e  s p l i t  spoon 0.6 m ( 2  f t )  be low t h e  p o i n t  
where a u g e r i n g  ceased. The s p l i t  spoon was t h e n  r e t r i e v e d  f rom i n s i d e  t h e  
auger.  A c o r e  sample 4.4 cm i n  d i a m e t e r  was removed from t h e  s p l i t  spoon. 
Auger ing  t h e n  c o n t i n u e d  t o  t h e  t o p  o f  t h e  n e x t  0.6 m sampl ing  i n t e r v a l  and t h e  
p rocedure  repea ted ,  Sarnpl i ng c o n t i n u e d  u n t i  1  t h e  sampl e r  p e n e t r a t e d  t h e  1  oess 
s o i l  o f  t h e  o r i g i n a l  l a n d  s u r f a c e ,  

A compos i te  was made o f  each 0.6 m s p l i t - s p o o n  sample and p l a c e d  i n  
p l a s t i c  bags and sea led.  Sample s i z e  was dependent upon t h e  amount o f  
m a t e r i a l  recove red  by t h e  s p l i t  spoon and ranged f rom 50 g  t o  1000 g. Due t o  
t h e  smal l  s i  ze o f  t h e  s p l  i t -spoon  sampl es,  supp lementa l  a u g e r - c u t t i  ng samples 
were c o l l e c t e d  a t  depths  l e s s  t h a n  6.1 m (20 f t ) .  These samples cor responded 
t o  t h e  m a t e r i a l  t a k e n  b y  t h e  auger as i t  passed t h r o u g h  t h e  i n t e r v a l  sampled 
by  t h e  s p l  i t  spoon. Each auger sample weighed a p p r o x i m a t e l y  1500 g. A1 though 
s p l  i t - s p o o n  samples were c o l l e c t e d  t o  dep ths  o f  14.3 m (47  f t ) ,  a u g e r - c u t t i n g  
samples were on1 y c o l l  e c t e d  t o  about  6 .1 m (20  f t )  . Be1 ow s i x  meters ,  auger 
samples were t o o  con tamina ted  by gob c a v i n g  o f f  t h e  s i d e s  o f  t h e  h o l e  t o  be as  
r e 1  i a b l e  i n  p r o d u c i n g  samples f rom t h e  same dep th  i n t e r v a l s  as t h e  sp l  i t -spoon  
samples . 

Nine h o l e s  were d r i l l e d  a t  t h e  S u p e r i o r  Washer s i t e ;  f i g u r e  3  shows h o l e  
l o c a t i o n s .  The h o l e s  ranged i n  d e p t h  f rom 4.3 m t o  6.1 m (14  f t  t o  20 f t ) .  
A l l  n i n e  h o l e s  were sampled a t  0.6 m i nc remen ts  f o r  t h e  e n t i  r e  dep th  
d r i  11 ed. S e v e n t y 4  i ve s p l  i t-spoon and 57 auger  sampl es were c o l  1  e c t e d  f r o m  
t h e s e  n i n e  ho les ,  

E leven h o l e s  d r i  l l e d  a t  t h e  L i t t l e  Dog s i t e  y i e l d e d  125 s p l  i t - s p o o n  and 
98 auger  samples; f i g u r e  2 shows h o l e  l o c a t i o n s .  These h o l e s  ranged i n  d e p t h  
f r o m  3.7 m t o  14.3 m (12 f t  t o  47 f t )  . The e n t i  r e  d e p t h  o f  t h r e e  o f  t h e  h o l e s  
was sampled a t  0.6 rn i nc remen ts .  The r e m a i n i n g  e i g h t  h o l e s  were c o n t i n u o u s l y  
sampled t o  a d e p t h  o f  3 .7  m (12 f t ) ;  a f t e r  t h i s  p o i n t  samples were c o l l e c t e d  
a t  1 .5  m ( 5  f t )  i n t e r v a l s .  



Sample p r e p a r a t i o n  o f  t h e  355 samples i n v o l v e d :  1 )  a i r  d r y i n g  t h e  sample; 
2 )  r e d u c i n g  t h e  samples t o  pass t h r o u g h  a  1I.S. Standard  Number 4 (4 .76  mm) 
mesh s i e v e ;  3) s p l  i t t i n g  each sampl e  t o  o b t a i n  two r e p r e s e n t a t i v e  subsampl es; 
4)  g r i n d i n g  one o f  t h e  subsamples t o  pass t h r o u g h  a I.I.S. S tandard  Number 60 
( .250 mn) mesh s i e v e ;  and 5 )  s p l  i t t i n g  t h i s  60 mesh sample t o  produce two 
e q u a l l y  s i z e d  subsamples. I n  t h i s  paper t h e  t e r m  sample, u n l e s s  o t h e r w i s e  
spec i  fi ed, wi 11 r e f e r  t o  t h e  sp l  i t -spoon  sample m a t e r i  a1 . 

To ensure  t h a t  t h e y  would p r o p e r l y  feed  t h r o u g h  t h e  c r u s h i n g  and d i v i d i n g  
equipment,  samples were a i r  d r i e d .  Samples were p i l e d  on paper  p l a t e s  t o  a  
d e p t h  n o t  g r e a t e r  t h a n  4  cm and p e r i o d i c a l l y  s t i  r r e d  t o  has ten  d r y i n g .  ~ r ~ i ' n ~  
t i m e ,  wh ich  ranged f rom 24 t o  48 hours ,  was k e p t  t o  a  minimum t o  p r e v e n t  
e x c e s s i v e  o x i d a t i o n  o f  t h e  s o l i d .  A sample was deemed " d r y "  when i t  f e l t  d r y  
t o  t h e  t o u c h  and crumbled e a s i l y .  

Each sample was c rushed  t h r o u g h  a  l a r g e  j aw  c r u s h e r  u n t i l  a t  l e a s t  95% 
(by w e i g h t )  o f  t h e  sample passed t h r o u g h  a  No. 4 mesh s i e v e .  The <4-mesh 
sample was d i v i d e d  t h r o u g h  a  r i f f l e  u n t i l  two subsamples t h a t  weighed 
125 g  and 85 g, r e s p e c t i v e l y ,  were o b t a i n e d .  

The ASTM-A shake t e s t s  used t h e  125 g  subsamples. Samples f o r  s o l i d  
a n a l y s i s  (85  g) were f u r t h e r  ground w i t h  a  tiolrnes@ g r i n d e r  t o  pass a  No. 60 
mesh s i e v e  and d i v i d e d  w i t h  a  m i c r o r i f f l e  i n t o  two equal a1 i q u o t s  f o r  a n a l y s i s  
o f  i n o r g a n i c  c o n s t i t u e n t s  and R t u  c o n t e n t ,  

To de te rm ine  any v a r i a n c e  i n t r o d u c e d  by g r i n d i n g ,  s p l  i t t i n g ,  and a n a l y s i s  
p rocedures ,  s i  x  auger sampl es were randomly s e l  e c t e d  and p repared  as o u t 1  i ned 
above. Each o f  t h e  s i x  samples were subsampled u n t i l  t e n  o f  each o f  t h e  125 g  
and 85 g  sample s i z e s  were o b t a i n e d .  Ten shake t e s t s  were per formed f o r  each 
auger  sampl e. 

Solid al-ialysis of s 
Chemical d e t e r m i n a t i o n s  f o r  t h e  a p p r o x i m a t e l y  25 i n o r g a n i c  c o n s t i t u e n t s  were 
made f o r  32 s p l  i t-spoon s o l  i d  samples. I n s t r u m e n t a l  n e u t r o n  a c t i v a t i o n ,  
o p t i c a l  emi s s i  on spec t rochemica l  a n a l y s i  s, a tomic  a b s o r p t i o n  spec t romet ry ,  
x - r a y  f l  uorescence,  and i o n - s e l e c t i v e  e l e c t r o d e  methods were used t o  d e t e r m i n e  
t h e  c o n c e n t r a t i o n  o f  c o n s t i t u e n t s  i n  t h e  s o l i d  samples, Except  f o r  t hose  
c o n s t i t u e n t s  d e t e r m i  ned by a tomic  a b s o r p t i o n ,  t h e  s o l  i d  sampl es were a i  r 
d r i e d ,  The samples ana lyzed by  a tomic  a b s o r p t i o n  were s u b m i t t e d  t o  l o w  
t e m p e r a t u r e  a s h i  ng and subsequent d i  s s o l  u t i  on, A d e t a i  1  ed d i s c u s s i o n  o f  
p rocedures  f o r  ana lyses  o f  chemica l  c o n s t i t u e n t s  i n  s o l i d  samples i s  g i v e n  i n  
Harvey e t  a1 . (1983) .  N a t i o n a l  Bureau o f  S tandards  coa l  samples and ( I .  S. 
Geol o g i c a l  Survey r o c k  sampl es were ana lyzed  f o r  a  qua1 i t y  assurance program 
t o  d e t e r m i n e  t h e  accuracy ,  r e p r o d u c i  b i  1  i t y ,  and p r e c i s i o n  o f  t h e  a n a l y t i c a l  
methods empl oyed. 

A d d i t i o n a l  ana lyses  were conducted t o  d e t e r m i n e  t h e  pe rcen tage  o f  
p y r i t i c ,  s u l  f a t e ,  and o r g a n i c  s u l  f u r  i n  59 s o l  i d  samples. The s u l  f a t e - s u l  f u r  
and p y r i t i c - s u l f u r  c o n c e n t r a t i o n s  i n  t h e  s o l i d  samples were de te rm ined  b y  t h e  
ASTM D-2492, v a r i e t i e s  o f  s u l f u r  p rocedure ;  t o t a l  s u l f u r  was de te rm ined  b y  t h e  
ASTM D-3177, Eschka method. The o r g a n i c  s u l f u r  c o n c e n t r a t i o n  was t h a t  
q u a n t i t y  o f  t h e  t o t a l  s u l f u r  unaccounted f o r  b y  t h e  s u l f a t e  and p y r i t i c  
s u l f u r ,  B t u  c o n t e n t  o f  t h e  59 s o l  i d  samples was de te rm ined  by a  r a p i d  
automated c a l  o r i m e t r i  c  method ( P a r r  Model 1241, Model 1680 Master  C o n t r o l  ) . 



The ASTM-A shake t e s t  i s  in tended t o  be a r a p i d  means o f  o b t a i n i n g  a s o l u t i o n  
f o r  e v a l u a t i o n  o f  t h e  water e x t r a c t a b l e  m a t e r i a l s  i n  a waste from a s o l i d  
sample. The procedure consi  s o f  making a 252 s l u r r y  ( s o l  i d  w t / l  i q u i d  
v o l ) .  The s l u r r y  i s  shaken r 48 hours, then t h e  e x t r a c t  i s  f i l t e r e d  and 
analyzed (ASTM, 1979a) . 

The ASTM shake t e s t  procedure was s l i g h t l y  mod i f i ed  t o  accommodate t he  
smal l  e r  sample s i z e  t h a t  r e s u l t e d  from t h e  sp l  i t-spoon sampl i ng technique. 
Ins tead  o f  t h e  recommended 700 g sample weight,  100 g o f  sample were used. 
The procedure a l s o  recommends us ing  t h e  waste m a t e r i a l  i n  t h e  phys ica l  form i n  
which i t  was disposed. Th is  recommendation was i m p r a c t i c a l  f o r  the  coal 
re fuse m a t e r i a l  be ing  s tud ied  because t h e  extreme v a r i a b i  l i t y  o f  p a r t i c l e  s i z e  
( c l  ay t o  bou lder )  and t h e  sampl i ng techniques used ( s p l  i t-spoon) made 
subsampl i ng i n  t h a t  form imposs ib le .  An i ncrement sampl i ng process was 
employed i n  which t h e  spl  i t - spoon  sampler was considered analogous t o  a cross- 
stream c u t t e r  a t  a randomly se lec ted  p o i n t  i n  t h e  g r i d .  The ASTM procedure 
(D-2013) f o r  p repa r i ng  coal  samples, i n  which t h e  samples were ground t o  pass 
a NO. 4 mesh s ieve,  was t h e r e f o r e  employed (ASTM, 1979b). 

The ASTM procedure i nvo l ved  shaking a s l u r r y  composed o f  100 + .01 g o f  
waste w i t h  a volume o f  de ion ized  water equal i n  m i l l i l i t e r s  t o  f o u r  t imes t h e  
weight i n  grams o f  t h e  sample, The s l u r r i e s  were made i n  500 mL wide-mouth 
g l ass  b o t t l e s  t h a t  were sealed w i t h  t e f l o n  l i n e d  p l a s t i c  l i d s  and shaken a t  
room temperature f o r  48 hours on a r e c i p r o c a t i n g  p l a t f o r m  shaker operated a t  
60 t o  70 1 - i nch  s t r okes  per  minute.  The s l u r r i e s  were a l  lowed t o  s e t t l e  f o r  1 
hour a f t e r  shaking; o x i d a t i o n - r e d u c t i o n  p o t e n t i a l  (Eh) , pH, and s p e c i f i c  con- 
ductance (EC) were measured immediate ly  a f t e r  opening each b o t t l e .  The 
s l  u r r i e s  were then decanted and t h e  supernate f i l t e r e d  through M i  11 i pore@ 
0 . 4 5 ~ ~ 1  pore s i  ze c e l l  u l  ose ace ta te  membrane f i l t e r s  . Three subsampl es o f  t h e  
f i l t r a t e  were taken f o r  c a t i o n ,  anion, and t o t a l  organic  carbon (TOC) 
a n a l y s i s .  

e test extracts 
A t o t a l  o f  260 shake t e s t s  us ing  t h e  ASTM-A shake t e s t  procedure were 
compl e ted  . One hundred twenty-seven shake t e s t s  were generated by t h e  L i t t l e  
Dog and 73 by t h e  Super ior  Washer sp l i t - spoon  samples, S i x t y  shake t e s t s  were 
performed on auger samples from bo th  s i t e s  t o  determine t h e  v a r i a b i l i t y  o f  t h e  
sampl e p repa ra t i on  and shake t e s t  procedures. 

A J a r e l l - A s h  Model 975 i n d u c t i v e l y  coupled argon plasma spectrometer 
( I C A P ;  J a r e l  1 -Ash D i v i  s i  on, 1978) was used t o  analyze t he  A l  , As, B ,  %a, Be, 
Ca, Cd, C r ,  Cu, Fe, K, Mg, Mn, Mo, Na, Ni ,  Pb, Sb, Se, S i ,  Sn, V ,  and Zn 
concen t ra t i ons  o f  t h e  e x t r a c t s  generated by t h e  shake t e s t  procedure, Sul f a t e  
(!SO4) was measured t u r b i d i r n e t r i c a l l y  and c h l o r i d e  ( C I ) ,  o x i d a t i o n - r e d u c t i o n  
p o t e n t i  a1 (Eh) , pH, and e l e c t r i c a l  conductance (EC) were measured by e lec -  
t r odes  (American Pub? i c  Hea l th  ssoc i  a t i o n ,  1975). A Beckman@ Inst ruments 
Tocamaster 91% t o t a l  organic  carbon (TOC) analyzer  was used t o  determine t he  
TOC con ten t  o f  t h e  aqueous e x t r a c t s ,  

Reference waste- es ob ta ined  from Envi ronmental Resources 
Assoc ia tes and t h e  U. i t y  Assurance Branch were used t o  check t h e  
reproduc i  b i  1 i t y  and a t h e  a n a l y t i c a l  methods used i n  t h i s  study. 
The ICAP r e s u l t s  were o f  t h e  t r u e  va lue l i s t e d  f o r  t h e  q u a l i t y  
c o n t r o l  samples, E x t r a c t  s o l u t i o n s  were d i l u t e d  t o  check f o r  spec t ra l  i n t e r -  



f e rences  and t h e  necessary  a c t i o n s  were taken  t o  c o r r e c t  any i n t e r f e r e n c e s .  
T y p i c a l  ICAP d e t e c t i o n  l i m i t s  a r e  g i v e n  i n  append ix  A, Fo r  f u r t h e r  i n f o r m a -  
t i o n  p e r t a i n i n g  t o  ICAP d e t e c t i o n  l i m i t s ,  accuracy ,  r e p r o d u c i  h i 1  i t y ,  and 
i n t e r f e r e n c e s ,  r e f e r  t o  t h e  U.S. EPA method 200.7 (I1.S. EPA, 1980a).  

Statistical analyses 
R e s u l t s  o f  a n a l y s i s  o f  t h e  e x t r a c t s  underwent summary as w e l l  as i n f e r e n t i a l  
s t a t i s t i c s .  Due t o  t h e  c o m p l e x i t i e s  o f  some o f  t h e  s t a t i s t i c a l  p rocedures ,  a  
b r i e f  d i s c u s s i o n  o f  each p rocedure  and t h e  j u s t i f i c a t i o n  f o r  i t s  use i s  g i v e n  
i n  each s u b s e c t i o n  o f  t h e  " S t a t i s t i c a l  r e s u l t s  o f  t h e  e x t r a c t  d a t a "  s e c t i o n  o f  
t h i s  r e p o r t .  I n  g e n e r a l ,  t h e  r o u t i n e s  i n  t h e  79.6 v e r s i o n  o f  t h e  S t a t i s t i c a l  
A n a l y s i s  System (SAS, 1979) computer program on an IBM 4341 computer o f  t h e  
U n i v e r s i t y  o f  I1 1  i n o i  s, Ilrbana-Charnpai gn campus were used t o  s t o r e  and 
r e t r i e v e  da ta ,  and t o  de te rm ine  a1 1  summary and a n a l y s i s  o f  v a r i a n c e  
s t a t i  s t i c s  . An a d a p t a t i o n  o f  t h e  Semi-Vari ograrn E s t i m a t i o n  and Uni versa1 
K r i e g i n g  computer  program, deve loped by t h e  \ I .  S. G e o l o g i c a l  Survey ( S k r i v a n  
and K a r l i n g e r ,  1980) and run  on a  CDC Cyher 175 computer a t  t h e  U n i v e r s i t y  o f  
I 1  1  i n o i  s, was used t o  d e t e r m i  ne a1 1  v a r i  ogram r e s u l  t s  , Other computer  
programs f o r  compi 1 a t i o n  o f  suggested sample s i z e s ,  f i n i t e  popul  a t i o n  
c o r r e c t i o n s ,  and mi s c e l l  aneous c a l  c u l  a t i  ons were w r i t t e n  by  t h e  a u t h o r s .  

Little Dog split-spoon sa 
S i x t e e n  s p l i t - s p o o n  samples c o l l e c t e d  a t  v a r i o u s  dep ths  f ro in t h e  L i t t l e  Dog 
s i t e  underwent chemical  ana lyses;  an a d d i t i o n a l  15  sampl es ( 3 1  sampl es t o t a l  ) 
were ana lyzed f o r  t o t a l  s u l f u r ,  ash, and c a l o r i c  c o n t e n t .  S i 0 2 '  Fe20,, A1 203 
and S ( s u l f u r )  were t h e  most p r e v a l e n t  c o n s t i t u e n t s ;  t h e y  compose 
a p p r o x i m a t e l y  61% o f  t h e  s o l i d  sample. The most abundant t r a c e  elements i n  
t h e  s o l i d  were B, Ba, S r ,  and Zn, A summary o f  c o n s t i t u e n t  c o n c e n t r a t i o n s  i s  
i n  t a b l e  1, C a l o r i c  c o n t e n t s  on a  m o i s t u r e - f r e e  b a s i s  ranged f rom 730 t o  
6,949 B t u / l  b. A c o n f i d e n c e  i n t e r v a l  t o  e s t i m a t e  t h e  p o p u l a t i o n  B t u  mean ( t h e  
average c a l o r i c  c o n t e n t  o f  t h e  gob i n  t h e  e n t i  r e  p i 1  e)  a t  a  95% c o n f i d e n c e  
1  eve1 was c a l c u l a t e d  f rom t h e  sample mean and s tandard  d e v i a t i o n  and was found 
t o  be 3,550 f 531 B t u / l  b, A n a l y s i s  o f  v a r i a n c e  r e s u l t s  i n d i c a t e d  t h a t  c a l o r i c  
c o n t e n t  ( B t u )  o f  s o l  i d  samples c o l l  e c t e d  a t  v a r i o u s  dep ths  and l o c a t i o n s  i n  
t h e  r e f u s e  p i l e  was equal , which imp1 i e s  t h a t  t h e  c a l o r i c  c o n t e n t  o f  t h e  coa l  
r e f u s e  m a t e r i  a1 was i ndependent o f  sampl e  d e p t h  and 1  o c a t i o n .  Sul  f u r  c o n t e n t s  
o f  t h e  m a t e r i a l  ranged f rom 2,52 t o  21.4%, and t h e  mean was 11,2%. No 
apparen t  t r e n d s  r e 1  a t e d  t o  sampl i ng d e p t h  were observed,  

The f o l l o w i n g  e q u a t i o n  was used t o  e s t i m a t e  t h e  number o f  s p l i t - s p o o n  
samples r e q u i r e d  t o  ensure  t h a t  t h e  sample mean f o r  c a l o r i c  c o n t e n t  ( B t u )  
wou ld  f a l l  w i t h i n  a g i v e n  p e r c e n t  e r r o r  o f  t h e  p o p u l a t i o n  mean ( s e e  
" D e t e r m i n a t i o n  o f  sample s i z e s  u s i n g  a  - t d i s t r i b u t i o n , "  p. 43, f o r  more 
i n f o r m a t i o n ) .  



Table 1. Summary of constituent concentrations in the Little Dog split-spoon samples. 

Cons t i t uen t  Sample Si  ze CV* Mean Standard M i  nimum Maximum 

(%)  
Dev i  a t i  on 

pe rcen t  

S i  0, 16 15.5 28 .O 4.2 19.5 32.3 

T i  0, 16 20 .O 0,5 0 .1 0.3 0.5 

A' 2'3 16 18.1 8.3 1.5 5 .5 10.4 

Fe 2'3 16 46 .O 13.9 6.4 4,4 26,9 

CaO 16 60.3 1 .8 101 0.1 3 -50 

Na ,O 

2O 

2'5 
Sul f a t e  su l  f u r  
P y r i t i c  s u l f u r  
Organic su l  f u r  
To ta l  sul  f u r  
High Temp. Ash 
B t u / l  b 



where n  = number o f  samples 
s  = standard d e v i a t i o n  o f  t he  Btu values from the  28  o r  31 samples 

analyzed f o r  t h i s  s tudy 
2 = mean B tu  va lue from the  28 o r  31 samples analyzed f o r  t h i s  study 
r = s p e c i f i e d  e r r o r  o f  t h e  popu la t i on  mean 
t = t s t a t i s t i c ,  where a/2  = .025 a t  a  95% conf idence l eve l .  - - 

I f  t h e  number o f  samples i s  g r e a t e r  than o r  equal t o  30, t(0.025) - 
1.96. 

The r e s u l t s  o f  i n c r e a s i n g  sample s i z e  on t h e  e s t i m a t i o n  o f  t h e  p o p u l a t i o n  
mean f o r  B tu  a re  shown i n  f i g u r e  4. The y a x i s  o f  t h e  graph i s  t h e  e r r o r  l e v e l  
( r ,  i n  percen t )  i n  e s t i m a t i n g  t h e  p o p u l a t i o n  mean f o r  t h e  corresponding sample 
s i z e  ( x  a x i s ) .  

The graphs c l e a r l y  d e p i c t  t h a t  i nc reas ing  p r e c i s i o n  from 25% t o  5% 
requ i  res  a  re1 a t i v e l y  small i nc rease  i n  t h e  number o f  samples co l  l e c t e d  as 
compared t o  an inc rease  i n  p r e c i s i o n  t o  t h e  1% e r r o r  l e v e l .  Th is  r e l a t i o n s h i p  
i s  n o t  a  f u n c t i o n  o r  c h a r a c t e r i s t i c  o f  t h e  gob samples, bu t  a  f u n c t i o n  o f  t h e  
equat ion  de te rmin ing  t h e  number o f  samples. From t h e  equat ion,  n  i s  propor-  
t i o n a l  t o  l / r 2  such t h a t  a change i n  r from 25% t o  5% requ i  res an inc rease  i n  
t h e  number o f  samples by a  f a c t o r  o f  25; however, a  change i n  r from 25% t o  1% 
requ i res  an inc rease  i n  t h e  sample number by a  f a c t o r  o f  625. C o l l e c t i o n  o f  
approx imate ly  50 samples would probably  p rov ide  t h e  most accurate es t imate  f o r  
t h e  Rtu con ten t  of  t h e  gob p i l e  (+  10% e r r o r )  f o r  t h e  l e a s t  amount o f  e f f o r t ,  
analyses , and expense. 

Because o f  i t s  r e l a t i v e l y  low c a l o r i c  and h igh  s u l f u r  con ten t ,  t h i s  gob 
m a t e r i a l  i s  an u n l i k e l y  p r imary  energy source a t  t h e  present  t ime.  However, 
c e r t a i n  methods o f  process ing t he  gob (such as c rush ing  and washing t o  remove 
su l  f u r  and ash-forming c o n s t i t u e n t s ,  o r  b lend ing  t h e  re fuse  w i t h  coa l )  m igh t  

Number of samples 

Figure 4. Effects o f  number  o f  samples col lected relative t o  percent error i n  estimating B t u  populat ion mean a t  
the L i t t l e  Dog  site. 



make t h e  gob m a t e r i a l  a  more p l a u s i b l e  energy source, Because t he  gob 
m a t e r i a l  i s  i n  p i l e s  on t h e  ground, many o f  t h e  cos t s  assoc ia ted w i t h  m in ing  
coal  i n  t h e  ground have been e l  im ina ted ,  

Chemical analyses f o r  major  and t r a c e  elements i n  t h e  sol i d  sample m a t e r i a l  
were performed on 16 sp l  i t-spoon sampl es c o l l  ec ted from t h e  Super io r  Washer 
s i t e ;  28 samples underwent t o t a l  sul f u r ,  ash, and c a l o r i c  content  
de te rmina t ions .  Table 2 summarizes t h e  r e s u l t s  o f  these  analyses. The mean 
c a l o r i c  content  (6,334 B t u / l  b) o f  t h e  Super io r  Washer samples was g rea te r  than 
t h a t  o f  t h e  L i t t l e  Dog samples, and a l s o  e x h i b i t e d  g r e a t e r  v a r i a b i l i t y  (2,339 
B t u / l  b  t o  10,445 B t u / l  b). Th i s  v a r i a b i l i t y  might  be caused by t h e  two d i f f e r -  
ent  k i n d s  o f  coal  p repa ra t i on  waste which form t h e  depos i t .  The s l u r r y  
unde r l y i ng  t h e  gob had a  h igher  B tu  and lower  s u l f u r  and ash content  than d i d  
t h e  gob. The gob and s l u r r y  s a m ~ l e s  had a  mean c a l o r i c  con ten t  o f  5,193 B t u / l b  
and 8,749 B tu / l b ,  r e s p e c t i v e l y .  The combined sample means and s tandard dev ia-  
t i o n s  were used t o  c a l c u l a t e  t h e  mean c a l o r i c  con ten t  o f  t h e  gob i n  t h e  e n t i r e  
p i l e  a t  a  95% conf idence i n t e r v a l  (6,334 + 833 B t u / l b ) .  

Chemical composi t ion o f  t h e  Supe r i o r  Washer s o l i d  samples was s i m i l a r  t o  
t h a t  of t h e  L i t t l e  Dog samples. The ma jo r  d i f f e r e n c e s  between t h e  two se t s  o f  
samples were t h a t  Cd, Cu, Mn, and Zn concen t ra t i ons  were between two and t e n  t imes 
g r e a t e r  i n  the  L i t t l e  Dog samples, These d i f f e r e n c e s  a l so  were r e f l e c t e d  i n  
t h e  ASTM e x t r a c t s ,  i n  which t h e  L i t t l e  Dog e x t r a c t s  e x h i b i t e d  g r e a t e r  
concen t ra t i ons  o f  t h e  above c o n s t i t u e n t s ,  

F i g u r e  5 shows t h e  e f f e c t  o f  i nc reas ing  sample s i z e  on t he  p r e c i s i o n  o f  
e s t i m a t i n g  t h e  popu la t i on  B tu  mean, The r e s u l t s  are s i m i l a r  t o  those o f  t h e  
L i t t l e  Dog s i t e  and show an i n f l e c t i o n  p o i n t  a t  t he  5% e r r o r  l e v e l .  As p r e v i -  

Number of samples 
ISGS 1983 

Figure 5. Effects of number of samples collected relative to percent error in estimating Btu population mean at 

the Superior Washer site. 



Table 2. Summary of constituent concentrations in the Superior Washer split-spoon samples. 

Cons t i t uen t  Sampl e  s i  ze CV* Mean Standard M i  nimum Maximum 
(%) Devi a t i  on 

percen t  

SiO, 

T i  0, 

A' 2'3 

Fe203 
CaO 

Na ,O 

2O 

'2'5 
Sul f a t e  su l  f u r  
P y r i  t i  c su l  f u r  
Organic su l  f u r  
T o t a l  s u l f u r  
Hi yh Temp. Ash 
BTU/l b. 

* c o e f f i c i e n t  of v a r i a t i o n  = s tandard x 100% 
mean 



o u s l y  noted,  i n c r e a s i n g  o f  number o f  samples has 1  i t t l e  e f f e c t  on i n c r e a s i n g  
p r e c i s i o n  o f  t h e  p o p u l a t i o n  e s t i m a t e  below t h e  5% l e v e l  . 

The S u p e r i o r  Washer p r e p a r a t i o n  waste may be a  more l i k e l y  energy source  
t h a n  t h e  L i t t l e  Dog gob because o f  i t s  h i g h e r  c a l o r i c  and lower  s u l f u r  and ash 
con ten t .  The mean s u l f u r ,  ash, and B t u  c o n t e n t s  o f  I l l i n o i s  c o a l s  a r e  3.6%, 
11%, and 12,712 B t u / l b ,  r e s p e c t i v e l y  ( G l u s k o t e r  e t  al., 1977). The waste 
m a t e r i a l  has a  h i g h e r  mean s u l f u r  (5.78%) and ash (44.8%) c o n t e n t  and l o w e r  
B t u  (6,334) con ten t  t h a n  most I 1  1 i n o i s  coal  . Most c o a l - b u r n i n g  power p l  a n t s  
o p e r a t e  w i t h  coa l  h a v i n g  f u e l  v a l u e s  t h a t  range between 10,000 and 12,000 
B t u / l  b  and ash c o n t e n t s  up t o  30%. Process ing  t h e  gob t o  meet power p l a n t  
s tandards  would i nvo l  ve  s e l  e c t i v e  p r o c e s s i  ng o f  t h e  s l  u r r y  1  aye r  o r  s t r i  p p i  ng 
o f f  and d i s c a r d i n g  t h e  gob l a y e r  i f  coal  cou ld  n o t  be recovered f rom i t  
economica l l y .  B l e n d i n g  t h e  waste w i t h  mined coa l  may i n c r e a s e  t h e  
m a r k e t a b i l i t y  o f  t h e  m a t e r i a l .  M a t e r i a l s  w i t h  l o w  h e a t i n y  va lues  can, 
however, be burned. Coal r e f u s e  crushed t o  pass a  0.64 an s i e v e  ( 1 / 4  in . )  and 
w i t h  as l i t t l e  as 3,000 - 3,500 B t u  h e a t i n g  v a l u e  has been burned i n  t h e  
Energy Research and Devel opment Admi n i  s t r a t i  on p i  1 o t  s c a l e  f l  u i  d- bed c o l  umn 
des igned and opera ted  by Pope, Evan, and Robbins. On a  d r y  bas is ,  t h i s  r e f u s e  
c o u l d  c o n t a i n  65 t o  70% ash (Maneval , 1977).  The S u p e r i o r  Washer gob may be a  
p r i i na ry  energy source i f  s p e c i a l  l y  d e s i  yned b o i l  e r s  a r e  a v a i l  ab le .  

The r e s u l t s  o f  117 ASTM-A e x t r a c t s  were used t o  d e s c r i b e  t h e  c h a r a c t e r i s t i c s  
o f  t h e  wa te r  s o l u b l e  components i n  t h e  L i t t l e  Dog s p l i t - s p o o n  samples. 
Tab le  3  suinmari zes t h e  c o n s t i t u e n t  c o n c e n t r a t i o n s  found i n  t h e  e x t r a c t s .  The 
e x t r a c t s  have a  mean pH v a l u e  o f  2.60; some e x t r a c t s  have pH va lues  as l o w  as 
1.55 and as h i g h  as 5.04. The c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  
ranked: S O 4 >  Fe > Ca > A1 > Na > Mg > Zn > C1 > TOC > S i  > Mn > N i  > K > CU 
> V > B > Co > Cd > As > C r  > Be > Ba, w i t h  Mo .9 Pb B Sb, Se, and Sn concent ra-  
t i o n s  be low d e t e c t i o n  l i m i t s  (appendix  A ) .  A l though  s i m i l a r  Na c o n c e n t r a t i o n s  
were found i n  s o l i d s  f rom b o t h  s i t e s  ( t a b l e s  1 and 2), t h e  Na c o n c e n t r a t i o n  i n  
t h e  L i t t l e  Dog e x t r a c t s  ue o f  95.6 mg/L; t h e  Na c o n c e n t r a t i o n  o f  
t h e  S u p e r i o r  Washer e x t r  d e t e c t i o n  1 i m i t s .  C l o s e r  i n s p e c t i o n  
o f  t h e  L i t t l e  Dog Na d a t  i c a t e s  t h a t  t h e  Na c o n c e n t r a t i o n s  i n  e x t r a c t s  gen- 
e r a t e d  f r o m  s p l  i t-spoon sampl t e d  between 0 * 3  m  and 3.4 m  were l e s s  t h a n  
t h e  d e t e c t i o n  l i m i t ;  Na c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  o f  samples f rom dep ths  
g r e a t e r  t h a n  3.4 m  g e n e r a l l y  ranged between 100 - 300 mg/L. Recause Na i s  a  
re1 a t i  v e l y  hyd roph i  1  i c  e lement,  t h i s  d i f f e r e n c e  i n  Na c o n c e n t r a t i o n  i n  re1  a- 
t i o n  t o  depth  may be a  good i n d i c a t o r  o f  t h e  wea the r ing  o r  l e a c h i n g  zone i n  
t h e  L i t t l e  Dog s i t e .  The S u p e r i o r  Washer s i t e  averages 3.4 m  i n  depth ;  a l l  
t h e  e x t r a c t s  generated by samples c o l l e c t e d  a t  v a r i o u s  depths  w i t h i n  t h e  p i l e  
had Na c o n c e n t r a t i o n s  l e s s  t h a n  t h e  d e t e c t i o n  l i m i t ,  T h i s  i n d i c a t e s  t h a t  t h e  
w e a t h e r i n g  and o r  l e a c h i n g  processes may be o c c u r r i n g  th roughou t  t h e  e n t i  r e  
S u p e r i o r  Washer s i t e .  A l though SO, had t h e  g r e a t e s t  c o n c e n t r a t i o n s  i n  t h e  
e x t r a c t s ,  Ni was t h e  i m s t  s o l u b l e  c o n s t i t u e n t  -- 71% o f  t h e  t o t a l  n i c k e l  i n  
t h e  s o l  i d  samples was s o l  u b i l  i zed. On a  w e i g h t / p e r c e n t  b a s i s ,  t h e  r a n k i n g  o f  
t h e  amount o f  a  c o n s t i t u e n t  leached i n  compar ison t o  t h e  t o t a l  amount i n  t h e  
s o l i d  was: Ni > Co > Cd > Mn > Na > Ca > Zn > Cu > Re > SO > As > Fe > V > 
A1 > B > K > Si  > Ra, 4 



Table 3. Summary of  constituent concentrations (mg/ L)  in the Litt le Dog ASTM-A extracts. 

Cons t i t uen t  Mean Standard cvd ed i  an i nimum aximum 
n  = 1 1 7 ~  Devi a t  i on (%) 

anumber o f  samples 
bpmhos/cm 
'mil 1  i v o l  t s  r e l a t i v e  t o  normal hydrogen e l e c t r o d e  

dcoef  f i c i e n t  o f  v a r i a t i o n  = standard devi x  100% 
mean 

og aH+ 

An i n i t i a l  s t a t i s t i c a l  eva lua t i on  o f  t h e  e x t r a c t  data was performed on 
n i n e  c o n s t i t u e n t s  (A1 , Ca, EC, Fe, Mg, pH, SO,, TOC, Zn). These c o n s t i t u e n t s  
were se lec ted  because they were p reva len t  i n  t h e  e x t r a c t s  and they  can be used 
as i n d i c a t o r s  o f  env i  ronmental l y  s i g n i  f i cant  chemical processes t a k i  ng p l  ace 
i n  gob p i l e s .  E x t r a c t s  from t h e  same sample depth, bu t  from the  var ious  
sampl i ng l o c a t i o n s ,  were grouped and t h e  averages o f  t h e  chemical composi t ions 
and standard d e v i a t i o n s  were c a l c u l a t e d  and are shown i n  t a b l e  4. 

The mean concen t ra t i ons  i n  t a b l e  4 were p l o t t e d  aga ins t  sample depths t o  
determine whether any t rends  were v i s i b l e .  F i gu re  6 i n d i c a t e s  t h a t  A1 , Fe, 
and S O  concen t ra t i ons  i n  t h e  e x t r a c t s  decreased from 0  t o  5.0 m and then  
assumed re1 a t i v e l  y cons tan t  concen t ra t ions  a t  depths g rea te r  than 7.5 rn. 
Cal c i  um and Mg concen t ra t i ons  g e n e r a l l y  were 1  ess v a r i a b l e  than A1 , Fe, and 
SO,, and increased o r  remained constant  as depth increased. 



Table 4. Sample  d e p t h  averages a n d  s tandard  dev ia t ions  of selected cons t i t uen t  concent ra t ions  (mg/ L) i n  t h e  L i t t l e  Dog ASTM-A 
extracts.  

Depth  0,3m Depth  L 5 m  Depth 3, m  Depth  5.0m Depth 6.4m 
n = l l a  n= 11 n=10 n=IO n=7 

-b sc - S 
- 

S 
- 

S  
- 

X x x X X S 

Dep th  8,lm Depth  9,5m Depth 10.8m Depth  12,5m 
n=6 n=6 n= 5 - - - - n=4 

X S x S X S X S 

anumber o f  sampl es C s t a n d a r d  d e v i  a t i  on 
bmean d,mhos/cm 

To de te rm ine  whether a  s t a t i s t i c a l  c o r r e l a t i o n  e x i s t e d  between sampl i n g  
d e p t h  and c o n s t i t u e n t  c o n c e n t r a t i o n s ,  Pearson ' s  c o r r e l  a t i  on c o e f f i c i e n t  was 
c a l  cu1 a t e d .  I-og t r a n s f o r m  d a t a  were used where a p p r o p r i  a t e  t o  c a l  c u l  a t e  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  ( r e f e r  t o  " S t a t i s t i c a l  r e s u l t s  o f  t h e  e x t r a c t  d a t a ,  
I) 29, f o r  d e t a i  1  s )  . A sarnpl e  s i  ze o f  117  and a  5% l e v e l  o f  s i  y n i  f i c a n c e  ( d f  
= 115, a = .05 )  were used t o  d e t e r m i n e  a c r i t i c a l  v a l u e  o f  0.25, wh ich  was 
used t o  assess whe the r  a  c o r r e l a t i o n  e x i s t e d  ( t a b l e  11). These c r i t e r i a  
do n o t  d e t e r m i n e  t h e  s t r e n g t h  o f  t h e  r e l a t i o n s h i p ,  o n l y  whether a  r e l a t i o n s h i p  
e x i s t s .  Boron, Ba, Re, Zn c o n c e n t r a t i o n s  and Eh va lues  appeared t o  have no 
r e l a t i o n s h i p  t o  sample depth ;  Ca, C1, Co, CIA, K ,  Mg, Mn, Na, and Ni concen t ra -  
t i o n s  and pH v a l u e s  seemed t o  i n c r e a s e  s l i g h t l y  w i t h  sample depth;  c o n s t i t u e n t  
c o n c e n t r a t i o n s  f o r  A1 , As, Cd, C r ,  Fe, S i ,  SO,, TOC, and V and EC v a l u e s  
decreased w i t h  i n c r e a s i n g  dep th  i n  t h e  p i l e s .  
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Figure 6. Sample depth and ASTM-A extract concentrations from Little Dog split-spoon samples. 



Table 5. Spatial locat ion averages and standard deviations o f  selected consti tuent concentrat ions (mgl  L) i n  the  L i t t l e  Dog  ASTM-A extracts. 

Ho le  B5 Hole  C2 Hole  E4 Ho le  G 3  Hole G6 Ho le  H4 
n=7a n=4 n=9 n=12 n=22 n=9 

Ho le  I5 Hole J3  Hole L2 Hole  L6 Hole  M4 
n=20 n=9 n=8 n=9 n=8 

- 
S 

- 
S 

- 
X X X S X S X S 

- - 

anumber o f  sampl es C s t a n d a r d  d e v i a t i o n  
bmean dpmhos/crn 

The c o e f f i c i e n t  o f  v a r i a t i o n  ( C V )  was used t o  make an i n i t i a l  assessment 
o f  v a r i a t i o n  among e x t r a c t  c o n s t i t u e n t  c o n c e n t r a t i o n s .  R e s u l t s  i n d i c a t e d  t h a t  
Ca c o n c e n t r a t i o n  and EC, Eh, and pH va lues  were t h e  l e a s t  v a r i a b l e ,  and t h a t  
C r  and Cu e x h i b i t e d  t h e  g r e a t e s t  v a r i a b i l i t y .  G e n e r a l l y ,  A l ,  B, Ba, Be, C1, 
CO, Mg, Mn, S i ,  S o b ,  and TOC had s i m i l a r  C V  va lues ,  as d i d  As, Fe, K, Na, N i ,  
and V .  The g r e a t e s t  v a r i a b i l i t y  o f  c o n s t i t u e n t s  was found  i n  e x t r a c t s  whose 
samples were c o l l e c t e d  between 0.3 and 3.4 m. 

Tab1 e 5 i n d i c a t e s  t h e  v a r i  a b i l  i t y  i n  c o n s t i t u e n t  c o n c e n t r a t i o n s  due t o  
sampl i n g  l o c a t i o n  a t  t h e  L i t t l e  Dog s i t e .  I n i t i a l  o b s e r v a t i o n  i n d i c a t e d  t h a t  
A l  , Fe, SO,+, and Zn c o n c e n t r a t i o n s  were g r e a t e r  i n  those  samples c o l l e c t e d  
a r o u ~ d  t h e  p e r i p h e r y  ( ~ 5 ,  C 2 ,  L2, L6, M4) r a t h e r  t h a n  t h e  c e n t e r  o f  t h e  p i l e .  
Calc ium, My, and pH v a l u e s  d i d  n o t  seem a f f e c t e d  by sarnpl i n g  l o c a t i o n .  



Table 6. Summary o f  const i tuent concentrat ions ( m g l  L) i n  the Superior Washer A S T M - A  extracts. 

a  
C o n s t i t u e n t  Mean Standard C V  Median Minimum Maximum 

n  = 63b Devi a t  i on ( % )  

a c o e f f i  c i  e n t  o f  v a r i  a t i  on = devi on x  100% 
mean 

bnumber o f  sampl es 
unhos/cm 

d m i  11 i v o l  t s  re1  a t i  ve t o  normal hydrogen e l e c t  rode  

To e v a l u a t e  whether t h e  e x t r a c t s  generated by t h e  ASTM-A procedure were a 
p o t e n t i  a1 p o l  1  u t i o n  hazard,  t h e  mean c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  tab1  e  3 
were compared w i t h  d r i n k i n g  and i r r i g a t i o n  wa te r  s tandards  (U.S. EPA, 1976) as 
w e l l  as t h e  U.S. EPA t o x i c a n t  e x t r a c t i o n  procedure c r i t e r i a  f o r  hazardous 
wastes (U.S. EPA, 1980b). The r e s u l t s  i n d i c a t e d  t h a t  As, C r ,  and Cd exceeded 
p r i m a r y  d r i n k i n g  wa te r  s tandards,  b u t  were l e s s  t h a n  100 t i m e s  as g r e a t  and 
t h u s  be low t h e  EPA e x t r a c t i o n  procedure c r i t e r i a  f o r  c l a s s i f i c a t i o n  as a  
hazardous waste. Copper, Fe, Mn, SO,, and Zn c o n c e n t r a t i o n s  and pH va lues  
exceeded t h e  secondary d r i n k i n g  wa te r  s tandards;  A1 c o n c e n t r a t i o n s  were 
g r e a t e r  than  i r r i g a t i o n  wa te r  s tandards.  Those gob p i l e s  w i t h  l e a c h a t e  pH 
va lues  l e s s  than  2.0 may s t i l l  be s u b j e c t  t o  hazardous waste r e g u l a t i o n ,  
however, because o f  c o r r o s i v i t y  c o n s i d e r a t i o n s .  

C o n s t i t u e n t  c o n c e n t r a t i o n s  f rom 63 ASTM-A e x t r a c t s  generated by S u p e r i o r  
Washer s p l  i t - s p o o n  samples a re  summari zed i n  t a b l e  6. The mean e x t r a c t  pH 



(2.13) f o r  t h e  S u p e r i o r  Washer e x t r a c t s  was more a c i d i c  t h a n  t h a t  o f  t h e  
L i t t l e  Dog e x t r a c t s .  The pH e x h i b i t e d  l e s s  v a r i a b i l  i t y  and had a  range o f  
1.69 t o  3.39. The r a n k i n g  o f  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  was: SO > Fe > 
C a > A 1  > M g > T O C > S i > Z n > C l  > M n > K > C a > N i > V > R > A s > c h > C r >  
Cd > Ba > Be; Pb, Mo, Na, Sb, Se, and Sn c o n c e n t r a t i o n s  were below d e t e c t i o n  
l i m i t s .  Comparison o f  t h e  c o n s t i t u e n t  c o n c e n t r a t i o n s  between t h e  two s i t e s  
i n d i c a t e d  t h a t  SO,, Fe, Ca, A l ,  and Mg c o n c e n t r a t i o n s  were h i g h e s t ,  and Ba and 
Re were t h e  l o w e s t  a t  b o t h  s i t e s .  I n  genera l ,  t h e  r a n k i n g  o f  t h e  rema in ing  
c o n s t i t u e n t s  was s i m i l a r .  The most s o l u b l e  c o n s t i t u e n t ,  on a  we igh t  pe rcen t  
b a s i s ,  i n  t h e  S u p e r i o r  Washer e x t r a c t s  was Co, f o l l o w e d  by Ni > Zn > Mn > Cu > 
C a >  A s >  SO > F e > V >  R e >  R >  A1 > K >  R a >  S i .  S o l u b i l i t i e s o f  t h e  
c o n s t i  t u e n t s 4 f o u n d  i n  S u p e r i o r  Washer and L i t t l e  Dog e x t r a c t s  f o l  lowed s i m i l a r  
t r e n d s .  

Yeans and sampl e  s tandard  d e v i  a t i  ons o f  t h e  n i  ne most p r e v a l  e n t  cons t  i - 
t u e n t s  i n  t h e  S u p e r i o r  Washer e x t r a c t s  were c a l c u l a t e d .  Tab le  7  summarizes 
average A1 , Ca, Fe, g, SO,, and Zn c o n c e n t r a t i o n s  and EC and pH va lues  i n  
wh ich t h e  d a t a  were poo led  by sample dep th  w i t h o u t  r e g a r d  t o  sampl ing l o c a -  
t i o n s .  The ranges between t h e  h i g h e s t  and l o w e s t  means f o r  t h e  n i n e  param- 
e t e r s  i n  t h e  S u p e r i o r  Washer e x t r a c t s  were compared t o  t h e  ranges f o r  t h e  same 
n i n e  c o n s t i t u e n t s  i n  L i t t l e  Dog e x t r a c t s  ( t a b l e  4 ) .  For  a l l  c o n s t i t u e n t s  t h e  
S u p e r i o r  Washer d a t a  showed s m a l l e r  d i f f e r e n c e s  between t h e  h i g h e s t  and l o w e s t  
means, wh ich i n d i c a t e d  l e s s  v a r i a b i l  i t y  among sampl i n g  depths.  

The means i n  t a b l e  7  a r e  presented g r a p h i c a l l y  i n  f i g u r e  7. U n l i k e  t h e  
L i t t l e  Dog data ,  Fe and SO, c o n c e n t r a t i o n s  i n i t i a l l y  i n c r e a s e d  w i t h  sample 
dep th  and then  decreased u n t i l  t h e  f i n a l  mean c o n c e n t r a t i o n  a t  4.0 m was 
a p p r o x i m a t e l y  equa l  t o  t h e  mean c o n c e n t r a t i o n  a t  t h e  0.3 m depth .  The A1 
c o n c e n t r a t i o n  f o r  t h e  L i t t l e  Dog s i t e  had t h e  same i n i t i a l  i n c r e a s e  i n  r e l a -  
t i o n  t o  i n c r e a s i n g  sample depth ,  b u t  t h e  f i n a l  mean c o n c e n t r a t i o n  a t  12.5 m 
was much lower  than  t h e  i n i t i a l  0.3 m c o n c e n t r a t i o n .  The S u p e r i o r  Washer 
e x t r a c t s  have s i m i l a r  c o n c e n t r a t i o n s  a t  0.3 and 4.1) m. Calcium, 149, and TOC 
c o n c e n t r a t i o n s  remained re1 a t i v e l y  c o n s t a n t  w i t h  i n c r e a s i n g  depth,  

Because t h e  S u p e r i o r  Washer s i t e  i s  composed o f  two d i f f e r e n t  p r e p a r a t i o n  
wastes,  gob and s l u r r y ,  e x t r a c t s  generated f rom b o t h  wastes were compared 
u s i n g  t h e  t t e s t  s t a t i s t i c .  T h i s  compar ison was used t o  a s c e r t a i n  whether t h e  
gob p i l e  c o u l d  be t r e a t e d  as a  homogeneous body w i t h  r e s p e c t  t o  waste t y p e .  
Eesul  t s  o f  t h e  t t e s t  ana lyses  i n d i c a t e d  t h a t  o n l y  B, Cu, K, and Zn showed 
s i g n i f i c a n t  d i  fTe rences  i n  c o n s t i t u e n t  c o n c e n t r a t i o n s  o f  e x t r a c t s  generated by 
e i t h e r  waste. The F  t e s t  s t a t i s t i c  was used t o  de te rm ine  whether t h e  v a r i -  
ances i n  e x t r a c t  c o n s t i t u e n t  c o n c e n t r a t i o n s  generated f rom b o t h  wastes were 
equal  . Boron, C1 , Cu, K, F/ln c o n c e n t r a t i o n s  as we1 1  as EC, Eh, and pH v a l  ues 
had unequal v a r i a n c e s  between gob and s l u r r y ;  v a r i a n c e s  f o r  a l l  o t h e r  c o n s t i t -  
u e n t  c o n c e n t r a t i o n s  were equa l  , 

C o r r e l a t i o n  ana lyses  t h a t  f o l l o w e d  t h e  same c r i t e r i a  e s t a b l i s h e d  f o r  t h e  
L i t t l e  Dog samples ( d f  = 61, a = .05, lrl = 0.25) were used t o  de te rm ine  
whether  any c o r r e l a t i o n  e x i s t e d  between sampl ing d e p t h  and c o n s t i t u e n t  
c o n c e n t r a t i o n  i n  t h e  S u p e r i o r  Washer e x t r a c t s .  The f i n d i n g s  f r o m  t h e  
S u p e r i o r  Washer e x t r a c t s  were q u i t e  d i f f e r e n t  f rom t h e  L i t t l e  Dog e x t r a c t s .  
S u p e r i o r  Washer e x t r a c t s  e x h i b i t e d  no c o r r e l a t i o n  between dep th  and A1 , As, 
Ca, Cr, Fe, SO,, and V c o n c e n t r a t i o n s ,  and Eh v a l  ues. Boron, Ba, Be, Cd, C1 , 
CO, Cu, Mg, Mn, N i  , and Zn c o n c e n t r a t i o n s  and pH v a l  ues showed a  s l  i g h t  
i n c r e a s e  w i t h  sample depth;  EC, K, Si , and TOC decreased w i t h  sample depth .  
Compared t o  t h e  L i t t l e  Dog e x t r a c t s ,  fewer  c o n s t i t u e n t s  e x h i b i t e d  any c o r r e l  a- 



Table 7. Sample depth averages and standard deviations o f  selected consti tuent concentrat ions (mg /L )  
in the  Superior Washer ASTM-A extracts. 

Depth 0.3m Depth 0.9m Depth 1.5m Depth 2.lm 
n=8a n=9 n=9 n=9 

-b sc - S - 
S 

- 
X X X X S 

Depth 2.7m Depth 3.4m Depth 4 . h  
n  =8 n=8 - n=5 - 

S 
- 

X X S X S 

anumber o f  samples 'standard dev i  a t i  on 
bmean dprnhos/cm 

t i o n s  between concent ra t ions  and sampl i n g  depth and, when a  c o r r e l  a t i o n  
e x i s t s ,  t h e  c o r r e l a t i o n  was weaker f o r  Super ior  Washer e x t r a c t s .  

The v a r i a b i l i t y  o f  c o n s t i t u e n t  concen t ra t ions  i n  t he  ASTM-A e x t r a c t s  due 
t o  sampl i ng l o c a t i o n  i s  shown i n  tab1 e  8. No c l e a r  t rends  were apparent f rom 
t h i s  i n i t i a l  s t a t i s t i c a l  eval ua t i on .  

Eva1 u a t i o n  o f  t h e  ASTM-A e x t r a c t s  t o  determine whether they  con ta i  ned 
c o n s t i t u e n t  concen t ra t ions  t h a t  m igh t  pose environmental  hazards revealed 
f i n d i n g s  s i m i l a r  t o  those o f  t h e  L i t t l e  Dog e x t r a c t s .  Arsenic,  C r y  and Cd 
concen t ra t i ons  exceed pr imary d r i n k i n g  water standards bu t  were below t h e  
l i m i t s  e s t a b l i s h e d  by t h e  U.S. EPA e x t r a c t i o n  procedure c r i t e r i a  f o r  de te r -  
m in ing  a hazardous waste. Copper, Fe, Mn, SOk3 and Zn concen t ra t i ons  and pH 
values exceeded t h e  secondary d r i n k i n g  wate r  standards; A1 concen t ra t i ons  were 
g r e a t e r  than i r r i g a t i o n  water standards. Some samples produced e x t r a c t s  w i t h  
pH va lues l e s s  than 2.0 and might  be sub jec t  t o  r e g u l a t i o n  as a  hazardous 
waste under RCRA due t o  t h e i r  c o r r o s i v i t y .  
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Figure 7.  Sample depth and ASTM - A  extract concentrations from Superior Washer split-spoon samples. 



Table 8. Spatial location averages and standard deviations of selected constituent concentrations (mg/ L) in the Superior Washer 
ASTM - A  extracts. 

Ho le  R4 Hole C2 Hole D6 Hole F2 Hole G5 
n=6a n=8 n=6 n=8 n=8 

-b sc - S 
- 

S 
- 

S 
- 

X X X X X S 

Hole H7 Hole I8 Hole 54  Hole K6 

- n=6 - n=7 n=10 n=4 
S S 

- 
S 

- 
X X X X S 

anumber o f  samples Cstandard d e v i  a t i o n  
bmean dpmhos/cm 

STATISTICAL 

Logarithmic transformation of 

I f  u n i v a r i a t e  s t a t i s t i c a l  t e s t s  a re  used t o  draw i n f e rences  from the  data,  
severa l  b a s i c  assumptions have t o  be met: t h a t  observa t ions  be independent, 
have equal v a r i  ance, and be normal l y  d i  s t r i  bu ted  (Sche f fe ,  1959) .  Pre l  i rn ina ry  
e v a l u a t i o n  o f  t h e  ASTM-A e x t r a c t  da ta  i n d i c a t e d  t h a t  t h e  means o f  many 
c o n s t i t u e n t s ,  when grouped by d r i  11 ho le ,  were p o s i t i v e l y  c o r r e l  a ted  w i t h  t h e  
va r i ance  ( i  .e., g r e a t e r  means were accompanied by g r e a t e r  va r iances)  . I n  many 
cases, t h e  f requency d i s t r i b u t i o n s  o f  t h e  sample e x t r a c t  concen t ra t i ons  were 
skewed t o  t h e  r i g h t  (more smal l  e r  concen t ra t i ons  than  1  a rge r )  . These resu l  t s  
a re  n o t  uncommon when c o n c e n t r a t i o n  i s  t h e  f a c t o r  be ing  measured (Sokol  and 
Roh l f ,  1969).  Hence, a  common l o g a r i t h m i c  t r a n s f o r m a t i o n  was a p p l i e d  t o  most 
o f  t h e  e x t r a c t  r e s u l t s .  Th is  r e s u l t e d  i n  observa t ions  w i t h  more symmetr ical  
f requency d i  s t r i b u t i o n s  hav ing independent means and s i m i l  a r  var iances.  When 
da ta  se t s  had c o n s t i t u e n t  concen t ra t i ons  l e s s  than t h e  d e t e c t i o n  l i m i t  o f  t h e  



i n s t r u m e n t  measur ing  t h e  p a r t i c u l a r  c o n s t i t u e n t ,  h a l f  t h e  d e t e c t i o n  l i m i t  o f  
t h e  i n s t r u m e n t  ( a s  opposed t o  ze ro )  was used f o r  t h e  s t a t i s t i c a l  a n a l y s i s .  I n  
a l l  cases Pb, Sb, Se, and Sn c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  were be low de tec -  
t i o n  l i m i t s  and d i d  n o t  undergo any s t a t i s t i c a l  a n a l y s i s .  

Most v a r i a n t s  underwent t h e  l o g  t r a n s f o r m a t i o n .  However, Ra, Re, Ca, Eh, 
Mg c o n c e n t r a t i o n ,  and pH c o n c e n t r a t i o n  va1 ues o f  t h e  L i t t l e  Dog samples, and 
A1 , As, Ra, Be, Ca, EC, Eh, and pH v a l u e s  o f  t h e  S u p e r i o r  Washer samples d i d  
n o t  r e y u i  r e  t r a n s f o r m a t i  on because t h e y  met t h e  assumpt ions l i s t e d  above. 
Means and v a r i a n c e s  o f  c o n s t i t u e n t s  were compared between s tudy  s i t e s :  i f  one 
s e t  o f  d a t a  r e q u i r e d  t r a n s f o r m a t i o n  and t h e  o t h e r  d i d  n o t ,  t h e  l o g  t r a n s f o r m  
d a t a  were used f o r  b o t h ,  Throughout t h e  s t a t i s t i c a l  a n a l y s i s  s e c t i o n  o f  t h i s  
r e p o r t  an "L" b e f o r e  a  v a r i a t e  symbol i n d i c a t e s  t h e  t e s t  s t a t i s t i c  was c a l c u -  
l a t e d  u s i n g  l o g a r i t h m i c a l  l y  t r a n s f o r m e d  da ta ,  

b i  1  i t i e s  o f  t h e  s p l  i t -spoon  sampl e  p r e p a r a t i o n  and ASTM e x t r a c -  
t i o n  procedures  were d e t e r m i  ned by  random1 y s e l e c t i n g  t h r e e  auger c u t t i n g  
samples f rom each s t u d y  s i t e  and d i v i d i n g  each auger sample i n t o  t e n  
subsamples, The subsamples were t h e n  s u b j e c t e d  t o  t h e  ASTM-A shake t e s t  p ro -  
cedure  and t h e  c o n s t i t u e n t  c o n c e n t r a t i o n s  i n  t h e  e x t r a c t s  determined,  The 
c o n c e n t r a t i o n s  f o r  a11 e x t r a c t  c o n s t i t u e n t s ,  excep t  pH, underwent l o g  t r a n s -  
f o r m a t i o n  and t h e  mean, s t a n d a r d  d e v i a t i o n ,  and c o e f f i c i e n t  o f  v a r i a t i o n  (CV) 
were c a l c u l a t e d  f o r  t h e  e x t r a c t  c o n c e n t r a t i o n s  f rom each o f  t h e  auger  
samples, T a b l e  9 groups s i x  auger samples t h a t  have c o e f f i c i e n t  o f  v a r i a t i o n  
v a l u e s  f o r  each e x t r a c t  c o n s t i t u e n t  c o n c e n t r a t i o n  i n t o  f o u r  ranges:  1) C V  
v a l u e s  <5%, 2 )  C V  v a l u e s  25% b u t  < 0%, 3)  C V  va lues  >10% b u t  < 2 5 X ,  4) C V  
v a l u e s  > 2 5 % ,  

For  e lements  such as Ba, Co, K, and V t h e  extreme w i t h i n - s a m p l e  v a r i a t i o n  
( a s  measured b y  t h e  c o e f f i c i e n t  o f  v a r i a t i o n )  suggests  t h a t  t h e  ASTM-A e x t r a c -  
t i o n  p rocedure  and t h e  p r e p a r a t i o n  o f  t h e  s p l i t - s p o o n  samples do n o t  produce 
homogeneous samples. The v a r i a t i o n  due t o  t h e  e x t r a c t i o n  p rocedure  may be a  
f u n c t i o n  o f  s o l  u b i l  i t y  c o n t r o l  s, d i f f e r e n c e s  i n  s tages o f  e q u i l  i b r i u m  and/or  
t h e  ana lyses  used t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n s  o f  t h e s e  c o n s t i t u e n t s ,  The 
w i t h i n - s a m p l e  v a r i a b i l i t y  was g r e a t e s t  F o r  t h o s e  c o n s t i t u e n t s  whose c o n c e n t r a -  
t i o n s  were n e a r  t h e  a n a l y t i c a l  d e t e c t i o n  l i m i t s .  The p r e p a r a t i o n  ~f t h e  s p l i t -  
spoon samples may be a  p rob lem f o r  t h o s e  c o n s t i t u e n t s  i n  t h e  s o l i d s  t h a t  a r e  
i n  1 ow c o n c e n t r a t i  sns . 

The c o n t r i b u t i o n  o f  w i t h i n - s a m p l e  v a r i a n c e  t o  t o t a l  v a r i a n c e  w i t h i n  a  
s i t e  was e s t i m a t e d  by  u s i n g  these  r e p l i c a t e  r e s u l t s ,  The e x t r a c t  d a t a  genera- 
t e d  by t h e  s i x  b u l k  samples were r e e  samp les /s i  t e ,  t e n  
rep1  i ca tes /sa rnp le ) ,  and a mean va r a c t  c o n s t i t u e n t  concen- 
t r a t i o n  was c a l c u l a t e d .  T h i s  mea y t h e  v a r i a n c e  o f  t h e  
p o o l e d  c o n c e n t r a t i o n  ( p o o l  i ng o f  ns f o r  a l l  e x t r a c t s  
f o r  each s i t e  r e g a r d l e s s  o f  sampl on) and i s  r e p o r t e d  as a  
p e r c e n t  i n  t a b  e 10. F o r  t h e  mos 
by t h e  w i t h i n -  ample v a r i a t i o n  wa 
g e n e r a l l y  c o n t r i b u t e d  such a srnal 
c o l l e c t i o n  o f  one sample pe r  dep seem unreasonabl  e  . 
Because w i  t h i  n-sampl e  v a r i  a b i  l i t y  was smal l , f l a r t h e r  - i n v e s t i g a t i o n s  Here n o t  
p e r f  orrned t o  d e t e r m i  ne whether  w i  thi n-sampl e v a r i  ance was a s s s c i  a t e d  w i  t h  
sample p r e p a r a t i o n ,  sample s p l  i t t i n g ,  a n a l y s i s  o f  c o n s t i t u e n t s ,  n a t u r e  o f  t h e  
r e f u s e  m a t e r i a l ,  t h e  shake t e s t  p rocedure ,  o r  a c o m b i n a t i o n  o f  t hese  f a c t o r s .  



Table 9. Number of samples for each constituent having coefficient of variation (CV) values within the ranges listed. 

C V  cv CV CV 
C o n s t i t u e n t  <5% >5% bu t  (10% > l o %  bu t  (25% >25% 

LA1 
LAs 
LB 
LBa 
LBe 
LCa 
LCd 
C1 
LC0 
LC r 
LCu 
EC 
Eh 
LFe 
LK 
LMg 
LMn 
L  N i  
pH 
LSi 
LSO 
L T O ~  
LV 
LZn 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  da ta  were 
used t o  c a l c u l a t e  C V, 

*extreme w i t h i n  sample v a r i a t i o n  

Correlation analysis 
C o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  t o  determine whether r e l a t i o n s h i p s  
e x i s t e d  between e x t r a c t  c o n s t i t u e n t  concen t ra t ions ,  As i n d i c a t e d  i n  t h e  over -  
v iew sec t i on  o f  t h i s  r epo r t ,  severa l  c o n s t i t u e n t s  had p o s i t i v e  o r  nega t i ve  
re l a t , i onsh ips  w i t h  r espec t  t o  sampling. depth, such t h a t  1 r12 0.25 was s i g n i f -  
i c a n t  a t  t he  5% l e v e l  f o r  sample s i zes  o f  63 and 117 (Supe r i o r  Washer and 
L i t t l e  Do samples, r e s p e c t i v e l y ) .  Tables 11 and 1 2  l i s t  those c o n s t i t u e n t s  
hav ing ry values 2 0.70 f o r  t h e  L i t t l e  Dog and Super io r  Masher s i t e s .  The 
tab1 es i n d i c a t e  t h a t  c o r r e l  a t i  ons e x i  s t  between EC-SO,+, Fe-SO,, Fe-V, EC-pH, 
EC-Fe, EC-V, Fe-pH, pH-V, and Ni-Zn f o r  both s tudy s i t e s ,  Major d i f f e r e n c e s  
were found i n  c o n s t i t u e n t  c o r r e l a t i o n s  between t h e  two s tudy s i t e s  -- a rsen i c  
showed l i n e a r  re1 a t i o n s h i  ps w i t h  severa l  c o n s t i t u e n t s  i n  t h e  Super ior  Washer 
e x t r a c t s  and none i n  t h e  L i t t l e  Dog e x t r a c t s ;  C1 c o r r e l a t e s  w i t h  Fe, Na, and 
SO, i n  t h e  L i t t l e  Dog, bu t  no t  i n  t he  Super ior  Washer e x t r a c t s .  

The c o r r e l a t i o n  analyses a l l o w  f o r  t h e  use o f  t h e  s t a t i s t i c a l  technique 
o f  r a t i o  o r  regress ion  es t ima t i on  (Cochran , 1977). The es t ima t i on  techn i  que 
approximates t h e  r a t i o  o f  one c o n s t i t u e n t  t o  another  o r  p r e d i c t s  t h e  concen- 



Table 10. Contribution of within-sample variance to total sample variance. 

C o n s t i t u e n t  Superi  o r  Washer L i t t l e  Dog 

L A1 
LAs 
LB 
Ba 
Be 
Ca 
LCd 
LC 1  
LC0 
LC r 
LCu 
LEC 
Eh 
LFe 
LK 
LM9 

LNa 
L  N i  
pH 
LSi 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  
t r a n s f o r m  da ta  were used, 
*Cons t i t uen t s  i n  which w i t h i n  sample var iance  i s  

>lo% o f  t o t a l  sample var iance.  

t r a t i o n  o f  a  c o n s t i t u e n t  based on t h e  concen t ra t i on  o f  another c o n s t i t u e n t  by 
us ing  t h e i r  degree o f  c o r r e l a t i o n .  For example, S O 4  concen t ra t ions  i n  t h e  
e x t r a c t s  are more d i f f i c u l t  and t ime consuming t o  determine than Fe, bu t  these 
c o n s t i  t uen t s  a re  h i g h l y  c o r r e l a t e d  ( I r 1 = 0.85). Therefore,  Fe concen t ra t i ons  
f o r  a l l  samples o f  a  l a r g e  data se t ,  and SO, concen t ra t i ons  f o r  a  subset o f  
t h e  da ta  se t  cou ld  be made t o  c a l c u l a t e  a  c o r r e l a t i o n  c o e f f i c i e n t  between Fe 
and SO,' An o v e r a l l  es t imate  o f  t h e  SO, concen t ra t i on  f o r  t he  e n t i  r e  data se t  
cou ld  be made from t h e  Fe concent ra t ions  and t h e  c o r r e l a t i o n  c o e f f i c i e n t .  A 
s i m i l a r  approach cou ld  be used i f  a  two - t i e red  sampling p l an  was employed i n  
t h e  c o l l e c t i o n  o f  samples. A c o r r e l a t i o n  c o e f f i c i e n t  cou ld  be determined f o r  
c o n s t i t u e n t s  from sampl es co l  1 ected du r i ng  t he  f i  r s t  t i e r  o f  sampl i ng , and 
concen t ra t i ons  o f  those c o n s t i t u e n t s  hav ing s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t s  cou ld  be p r o j e c t e d  f o r  t he  second t i e r  o f  sampling. Th is  
approach o f  g roup i  ng c o n s t i t u e n t s  would reduce t he  t ime needed f o r  a n a l y s i s  
and thus,  costs ,  

The geochemical i n t e r p r e t a t i o n s  o f  t h e  c o r r e l a t i o n s  f o r  c e r t a i n  e x t r a c t  
c o n s t i t u e n t s  a re  beyond t h e  scope of t h i s  p r o j e c t  and do no t  d i r e c t l y  p e r t a i n  
t o  sampling. I n fo rma t i on  regard ing  t h e  chemis t ry  o f  ac i d  mine dra inage and 



Table 11. Correlation of constituents in the Litt le Dog ASTM-A extracts ( I r 12 0.70). 

Co r re l  a tes  Pearson Co r re l  a t i  on 
C o n s t i t u e n t  w i t h  Coef f i c i  e n t  ( r) 

L  A1 
LA1 
LC1 
LC1 
LC1 
LEC 
L  EC 
LEC 
L  EC 
LEh 
LFe 
LFe 
LFe 
LNi 
pH 

LSO, 
LFe 
LSO, 
LFe 
LV 
pH 
pH 
LV 
LSO, 
pH 
LZn 
LV 

Table 12. Correlation of constituents in the Superior Washer ASTM-A extracts ( I r l  2 0.70). 

Co r re l  a t es  Pearson Co r re l  a t i o n  
C o n s t i t u e n t  w i  t h  C o e f f i c i e n t  ( r )  

A1 
As 
As 
As 
As 
EC 
EC 
EC 
EC 
LFe 
LFe 
LFe 
LMn 
L  Ni 
PH 
pH 
LSO, 

Be 
ev 
LFe 

LSO, 
pH 
LFe 
LV 
LSO, 
LV 
pH 
LNi 
LZn 
LSO, 
LV 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  da ta  were used t o  
c a l c u l  a t e  c o r r e l a t i o n  c o e f f i c i e n t .  



i n t e r p r e t a t i o n s  o f  a s s o c i a t e d  aqueous c o n s t i t u e n t s  can be found i n  S o i l  
Sc ience S o c i e t y  o f  America (1982) ; Wewerka , W i  l l i ams , and Vanderbagh (1978) ; 
and G lover  (1975) .  

Recause t h e  sampl i ng p l  an o f  t h i  s s tudy  i n v o l  ved c o l  l e c t i  ng s p l  i t-spoon 
samples a t  v a r i o u s  depths  f rom a  d r i l l  h o l e ,  i t  was i m p o r t a n t  t o  de te rm ine  
whether  s p a t i  a l  re1 a t i  onsh i  ps e x i  s t e d  between sampl es w i t h i n  t h e  same ho l  e. 
I f  s p a t i a l  r e 1  a t i o n s h i p s  d i d  e x i  s t ,  t h e  assumpt ion o f  sample independence 
necessary  f o r  t h e  a n a l y s i s  o f  v a r i a n c e  t e s t s  would be v i o l a t e d ,  There fo re ,  
t h e  g e o s t a t i  s t - ical  t e c h n i  que o f  c a l  c u l  a t i n g  a  sernivar iogram t o  de te rm ine  
s p a t i  a1 re1 a t i  onsh i  ps was empl oyed . A computer program des i  gned by t h e  U n i t e d  
S t a t e s  G e o l o g i c a l  Survey (Dav id ,  1977; Olea, 1977) was used f o r  t h e  sernivar- 
i og ram a n a l y s i s  o f  severa l  e x t r a c t  c o n s t i t u e n t  c o n c e n t r a t i o n s  f rom each 
s i t e .  Resul t s  o f  t h e  semivar iogram ana lyses were i nconc l  u s i v e .  A c o n s i d e r -  
ably larger n u m b e r  o f  sam 
needed t o  e l i c i t  clear  sp 

n a hole. Hence 
r the purposes o 

A two-way a n a l y s i  s o f  v a r i a n c e  (ANOVA)  i n c o r p o r a t i n g  t h e  S t a t i s t i c a l  
A n a l y s i s  System ( s A S )  genera l  l i n e a r  model (GLM) procedure (SAS, 197 
was used t o  d e t e r m i n e  whether t h e  means o f  c o n s t i t u e n t  c o n c e n t r a t i o n s  d i f f e r e d  
w i t h  r e s p e c t  t o  d e p t h  o r  l o c a t i o n  w i t h i n  a  s i t e .  A n a l y s i s  o f  v a r i a n c e  i s  used 
t o  p a r t i t i o n  v a r i a n c e  i n t o  components due t o  t h e  v a r i o u s  f a c t o r s  i n  t h e  exper-  
i m e n t a l  des ign .  D i f f e r e n c e s  due t o  a  f a c t o r  a r e  de te rm ined  by t h e  inagni tude o f  
t h e  r a t i o  o f  t h e  v a r i a n c e  between t h e  l e v e l s  o f  a  f a c t o r  t o  the v a r i a n c e  
w i t h i n  t h e  l e v e l s  o f  a  f a c t o r ,  as measured by an F - t e s t  (Sche f fe ,  1959) .  The 
SAS GLM procedure compared c o n c e n t r a t i o n s  o f  e x t r a c t  c o n s t i t u e n t s  generated 
f rom samples c o l l e c t e d  a t  v a r i o u s  depths  w i t h i n  t h e  gob p i l e  w i t h  concen t ra -  
t i o n s  o f  e x t r a c t  c o n s t i t u e n t s  generated f rom samples c o l l e c t e d  a t  v a r i o u s  
l o c a t i o n s  o f  t h e  gob p i l e .  Because t h e  d e s i g n  was unbalanced (i . e m ,  i t  had 
d i  f f e r e n t  numbers o f  saapl es w i t h  regard  t o  sampl i ng dep th  f o r  each ho l  e )  , t h e  
GLM procedure i s  p r e f e r a b l e  t o  t h e  SAS ANOVA procedure.  The d e p t h  v a r i a b l e ,  
though con t inuous ,  was t r e a t e d  d i  s c r e t e l  y and sampl i n g  dep th  i n t e r v a l  s were 
grouped i n t o  d e p t h  zones t o  m i n i m i z e  t h e  number o f  empty c e l l s  ( n o  o b s e r v a t i o n  
f o r  a  h o l e  a t  a  c e r t a i n  dep th  i n t e r v a l )  i n  t h e  model. 

Because h o l e  1 o c a t i  ons were s e l  e c t e d  a t  random and t h e  sampl i ng i n t e r v a l  
and dep th  as w e l l  as t h e  a c t u a l  depth  o f  t h e  gob p i l e  were f i x e d ,  we used a  
mixed model , two-way ANOVA w i t h o u t  i n t e r a c t i o n .  4 s i g n i f i c a n t  F - t e s t  between 
h o l e s  i n d i c a t e d  t h a t  t h e  l e v e l  o f  v a r i a b i l  i t y  between h o l e s  cannot be 
a t t r i b u t e d  t o  sampl i n g  e r r o r  a lone;  thus ,  s i g n i f i c a n t  d i  f f e r e n c e s  between 
h o l e s  e x i s t .  I n  t h e  case o f  a  mixed model , Sche f fe  (1959)  s t a t e d  t h a t  t h e  F- 
t e s t  s t a t i s t i c  i s  o n l y  an approx ima t ion  and t h a t  t h e  H o t e l l i n g ' s  T * - t e s t  would 
have t o  be used t o  i n d i c a t e  e x a c t  d i f f e r e n c e s  i n  e x t r a c t  c o n s t i t u e n t  concen- 
t r a t i o n  due t o  sampl i n g  dep th  and l o c a t i o n ,  

Fo r  each e x t r a c t  c o n s t i t u e n t  t h e  Tukey-Kratner compar ison o f  means t e s t  
was used t o  de te rm ine  d i f f e r e n c e s  between dep th  zones, g i v e n  a s i g n i f i c a n t  F- 
t e s t ,  Because t h e  h o l e  o c a t i o n s  were random, an ana l  s i s  u s i n g  t h e  Tukey- 



Kramer t e s t  was not  poss ib l e  because t he  assumptions necessary t o  use t h i s  
method are d i  f f e r e n t  . 

The Tukey-Kramer t e s t  was performed by us ing  t he  Tukey o p t i o n  i n  t he  
means statement o f  t h e  SM GLM procedure. The Tukey o p t i o n  uses t h e  harmonic 
mean of t h e  c e l l  s i zes ,  t h e  mean square f o r  e r r o r ,  and t he  q s t a t i s t i c  t o  gen- 
e r a t e  conf idence i n t e r v a l s  f o r  t h e  means o f  a  f a c t o r  a t  each l e v e l .  U n l i k e  
t h e  GLM procedure, which s imply  accepts o r  r e j e c t s  a  n u l l  hypothes is  o f  equal 
means across l e v e l s  o f  a  f a c t o r  (dep th  o r  l o c a t i o n ) ,  t h e  Tukey-Kramer method 
at tempts t o  show which groups o f  means are s i m i l a r ,  over lapp ing ,  and/or d i s -  
s i m i l a r .  

Tables 13 and 14 r e p o r t  t he  f i n d i n g s  o f  t h e  GLM and Tukey-Kramer analyses 
f o r  t h e  L i t t l e  Dog and Super io r  Washer ASTM-A e x t r a c t s ,  r e s p e c t i v e l y .  The 
r e s u l t s  i n  t he  t a b l e s  a re  based on t h e  l o g  t r ans fo rma t i on  o f  most e x t r a c t  con- 
s t i t u e n t  concen t ra t ions .  The depth zone groupings are i n d i c a t e d  i n  t h e  t ab les .  

I n  t h e  t a b l e s  t h e  c o n s t i t u e n t  column ( f a r  l e f t  column) i n d i c a t e s  which 
e x t r a c t  c o n s t i t u e n t  concen t ra t ions  as we l l  as whether l o g  concent ra t ions  were 
used i n  t h e  GLM and Tukey-Kramer t e s t s .  The second and t h i r d  columns (Hole 
PR>F, Depth PR>F) are t h e  r e s u l t s  from t h e  GLM procedure and i n d i c a t e  whether 
t h e  F s t a t i s t i c  was s i g n i f i c a n t ,  The values repor ted  under t h i s  column are 
t he  s i g n i f i c a n c e  p r o b a b i l i t i e s  o f  t h e  F s t a t i s t i c .  A t  a  5% s i g n i f i c a n c e  
l e v e l ,  p r o b a b i l i t y  va lues g r e a t e r  than  0.05 i n d i c a t e  t h a t  t h e  means o r  
va r iance  between sample depths o r  ho les  a r e  equal.  The f o u r t h  column con- 
t a i n s  t h e  r e s u l t s  o f  t h e  Tukey-Kramer t e s t  i n  which c o n s t i t u e n t  concentra-  
t i o n s  f rom va r i ous  sampl ing depths a re  compared. The numbers 1 through 12 
i n d i c a t e  t h e  depth zones as d e f i n e d  a t  t h e  bottom o f  t he  t a b l e  ( i . e . ,  1 = 
0-0.6 m). The numbers a re  i n  groups separated by semicolons; t h e  depths 
w i t h i n  each group a re  equal.  For example, i f  l o g  A1 concen t ra t i ons  f rom 
t h e  L i t t l e  Dog e x t r a c t s  a re  used ( t a b l e  13) ,  t h e  GLM procedure determines 
t h e  s i g n i f i c a n t  p r o b a b i l i t i e s  f o r  h o l e  and depth t o  be 0.0001. Th i s  sug- 
gests  d i f f e r e n c e s  i n  e x t r a c t  A1 concen t ra t i ons  due t o  sampl ing depth and 
l o c a t i o n .  The Tukey-Kramer t e s t  d i v i d e s  t h e  depth zones i n t o  t h r e e  over-  
l a p p i n g  groups. I n  t h e  depth groups f o r  A1 , however, t h e  depth zones 3=1=2 
tend t o  group sepa ra te l y  f rom depth zones 10=9=7. Th i s  suggests t h a t  t h e  
e x t r a c t  A1 concen t ra t i ons  f rom t h e  t op  0-1.8 m o f  t h e  p i l e  a re  d i f f e r e n t  
from the  3.7-9.5 m  (midd le )  r eg ions  o f  t he  p i l e .  Fo r  t he  L i t t l e  Dog s i t e  
( t a b l e  13),  t he  GLM procedure r e j e c t e d  t h e  hypo thes is  t h a t  t h e r e  i s  no 
v a r i a b i l i t y  between ho les  f o r  a l l  e x t r a c t  c o n s t i t u e n t s .  Changes i n  
e x t r a c t  concen t ra t i on  due t o  sample depth were found t o  be s i g n i f i c a n t l y  
d i f f e r e n t  f o r  a l l  e x t r a c t  c o n s t i t u e n t s  except  Cd and K. 

Resu l ts  o f  t h e  ana l ys i s  o f  va r iance  f o r  t he  Super ior  Washer e x t r a c t  data 
( t a b l e  14 )  showed t h a t  As, Ca, Cd, C1, Eh, Fe, pH, and V concen t ra t i ons  were 
no t  d i f f e r e n t  f o r  sampling l o c a t i o n  ( h o l e ) .  The mean concent ra t ions  o f  f i v e  
of t h e  24 c o n s t i t u e n t s  (As, Ca, Cd, Eh, Mn) were n o t  s t a t i s t i c a l l y  d i f -  
f e ren t  i n  r e l a t i o n  t o  depth zones. U n l i k e  t h e  L i t t l e  Dog e x t r a c t s ,  t h e  
Super io r  Washer e x t r a c t s  tend  t o  be l e s s  a f f e c t e d  by sampl ing l o c a t i o n .  

The h i s t o r i e s  o f  t he  two gob p i l e s  may p a r t l y  e x p l a i n  some o f  t h e  d i f f e r -  
ences observed i n  t h e  s t a t i  s t i c a l  analyses. The Super ior  Washer s i t e  r ece i ved  
m a t e r i a l  from several  mines, which i n i t i a l  l y  suggested a  g rea te r  v a r i a b i l  i t y  
o f  m a t e r i a l  than  t h e  L i t t l e  Dog s i t e  (which rece ived  m a t e r i a l  from o n l y  one 
mine).  However, upon c l o s e r  i n s p e c t i o n  o f  t he  Super ior  Washer sqi t e ,  i t  
appears t h a t  t h e  gob was spread over a  t h i n  l a y e r  o f  s l u r r y .  Spreading t h e  



fable '83. Comparison of means and variances showing effects o f  sampling location versus sampling depth for constituents in the 
Litt le Dog ASTM -A  extracts. 

kIo1ea Cleptha 
C o n s t i t u e n t  P R > F  PR>F 

Comparison o f  means 
f o r  sampl ing depth 

L  A1 

LAs 

LB 
Ba 
Be 
Ca 

L  Cd 
LC1 

LC0 

LCr 

L  EC 
Eh 
LFe 

LMn 

LNa 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a  da ta  were used t o  
c a l c u l a t e  t e s t  s t a t i s t i c ,  

. a ~ f  PR>F i s  g r e a t e r  than .05, 
' ~ e p t h  zones : 



Table 14. Comparison of means and variances showing effects of sampling location versus sampling depth for constituents in the 

Superior Washer ASTM -A  extracts. 

Hol ea ~ e p t h ~  
Cons t i t uen t  PR>F PR>F 

Comparison o f  means 
f o r  sampl i ng dep th  b 

A1 
As 
LB 
Ba 
Be 
Ca 
LCd 
LC1 
LC0 
LC r 
LCu 
EC 
Eh 
LFe 
LK 
LMg 
LMn 
L  N i  
pH 
LSi 
LS 0  
L T O ~  
V 
LZn 

The L before c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r ans fo rm  data were used t o  
c a l  cu1 a t e  t e s t  s t a t i  s t i  c, 

a ~ f  PR>F i s  g r e a t e r  than .05, a1 1  means a re  equal . 
b ~ e p t h  zones : 1=0- .6Om; 2= .61-1.20m; 3=1.21-1.80m; 4= Ie81-2  JOm; 5=2 .4l-3.OOm; 

6=3,01-3 JOm; 7 = W l - 4  ,!?Om; 8=4.91-6.40111; 9=6 .41-7.9Orn; 
lO=7 ,9l-%5Orn; l 1 = 9 . 5 l - I I  ,Om; 12=11.01-13,lm 

gob caused m i  x i  ng t o  occur ,  which might  have r e s u l t e d  i n  a more homogeneous 
b lend  o f  waste than t h a t  found a t  t h e  L i t t l e  Dog s i t e ,  The p la teau  shape 
(which would a l l o w  more un i fo rm p e r c o l a t i o n  o f  water)  and t he  r e l a t i v e l y  
sha l low depth o f  t h e  Washer s i t e  cou ld  a l s o  cause t h e  changes i n  t h e  gob t h a t  
a re  caused by weather ing, eros ion,  e t c .  t o  be more un i f o rm  throughout  t h e  
s i t e .  

The Tukey-Kramer r e s u l t s  d i d  no t  complete ly  separate t he  e x t r a c t  data by 
any depth zone grouping f o r  e i t h e r  s tudy s i t e .  Because o f  t h e  g rea t  amount o f  
over lap,  p a t t e r n s  due t o  depth were no t  c l e a r - c u t ,  a1 though c e r t a i n  t rends  
were observed, The r e s u l t s  o f  t h e  Tukey-Kramer procedure suggested a  tendency 
f o r  t he  Super ior  Washer e x t r a c t s  t o  group i n t o  " t op " ,  "midd le" ,  and "bottom" 
reg ions ;  t h e  L i t t l e  Dog e x t r a c t s  group e i t h e r  i n t o  " t op " ,  "midd le" ,  and 
"bottom" o r  " t o p  and bottom" versus "middle"  reg ions.  



tk t rends  i n  c o n s t i t u e n t  concen t ra t i on  due t o  sampling depth 
qu i  r e  i nc reas ing  t h e  netmber o f  samples taken from a  s i t &  To 

explore some o f  the i n i t i a l  t r ends  observed, we pooled t h e  e x t r a c t  da ta  i n t o  
creased numbers o f  samples by 

zone, and decreas ing t h e  
r i o r  Washer s i t e  were grouped 

I t s  o f  t h e  a n a l y s i s  o L i t t l e  Dog e x t r a c t  d 
t h  zones i n d i c a  a% 1 c s n s t i  t uen t s  were 
m p l  i ng l o c a t i o n  A l l  b u t f o u r  ana ly tes  (Be, 

Cd, K, S i )  were s i g n i f i c a n t l y  r e l a t e d  t o  sampling depth ( t a b l e  1 5 ) .  For those 
20 c o n s t i t u e n t s  t h a t  were s i g n i f i c a n t l y  d i f f e r e n t ,  a c l e a r e r  p a t t e r n  
c o n s t i t u e n t  concen t ra t i on  and sample depth merged, Concentrat ions i n  the  

t h  zone (0-1.5 m) grouped separate y from the  o the r  f o u r  zones 12 out  
o f  20 t imes ,  and one ou t  o f  20 t mes w i t h  t h e  1,6-3,4 m depth zone, T h e  

e m s ,  accord i  ng t o  he depth zones, occurred 14 ou t  of '  20 tirnes 
=5=2 o r  1=5=3/4, 

When compared t o  t he  rev ious  analy;i s t h a t  used one observ 
, fewer  d i f f e r e n c e s  i n  c o n s t i t u e n t  concen t ra t i on  due t o  bep t  
t i s n  were w i d e  t ,  Fourteen and 12 c o n s t i t u e n t s  out  o f  t he  possible 24 

ue t o  sampl i n g  l o c a t i o n  (ho les )  and epth,  respec t i ve1  y, 
e r  e x t r a c t s .  The p rev ious  r e s u l t s  i d i c a t e d  16 and $9 

c o n s t i t u e n t s  were s i g n i  f i c a n t l  d i  f f e r e n t  due t o  sampl i ng l o c a t i  on 
r e s p e c t i  we1 y, 

l e a r l y  d i  s t i  ngui  shes 
c t  c o n s t i t u e n t s  t h a t  

For f i v e  c o n s t i t u e n  
t h e  Lop and m idd le  reg ions  rn) grouped sep 
(EI.4 rn) , and f o u r  c o n s t i t  , Cu, N i  , Si ) 
sepa ra te l y  f rom t h e  m idd le  and bot tom reg ions  (2.1 m->3.4 m). 

Resu l t s  o f  decreas ing t h e  number o f  depth zones and i nc reas ing  t h e  sample 
) i n c r e a s i n g  sample s i z e  i n c r e  

rns  between c o n s t i  t u e n t  c o n c e n t r a t i  ons i n t he  e x t r a c t s  and 
i ncreas i  ng sample s i  ze decreases t h e  number o f  c o n s t i t u e n t s  

ue t o  sampl i n g  l o c a t i o n  
r Washer e x t r a c t s  ex 
i o n s  o f  t h e  c o n s t i t u  

c o l l  ec ted  from the t o  r eg ion  (0-3.4 m) were d i f f e r e n t  f rom those 

results o f  t h e  



Table 15. Comparison of means and variances with decreased number of depth zones for 

constituents in the Little Dog ASTM-A extracts. 

  ole^ Deptha Comparison o f  means 
C o n s t i t u e n t  PR>F PR>F f o r  sampl i ng d e p t h b  

L  A1 
LAs 
LB 
Ba 
Be 
Ca 
LCd 
LC 1  
LC0 
LC r 
LCu 
L  EC 
Eh 
LFe 
LK 
Mg 
LMn 
LNa 
L  Ni 
pH 
LSi  
LSO, 
T  OC 
LV 
LZn 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  d a t a  were 
used t o  c a l  c u l  a t e  t e s t  s t a t i  s t i c .  

a ~ f  PR>F i s  g r e a t e r  t h a n  .05, a l l  means a r e  equa l .  
b ~ e p t h  zones: 1 = 0  t o  1.5 m; 2 =1.6 t o  3.4 m; 3  = 3.5 t o  5.8 m; 

4  = 5.9 t o  9.5 m; 5  = >9.5 m e  

revea led  t h a t  some p a t t e r n s  deve lop between sample depth  and c o n c e n t r a t i o n .  
By d e v e l o p i n g  a  sampl i n g  p l a n  where each sampl i n g  dep th  i s  more t h o r o u g h l y  
sampled, a  c l  e a r e r  p a t t e r n  between c o n s t i t u e n t  c o n c e n t r a t i o n s ,  sample depth,  
and l o c a t i o n  may become apparent.  

Comparison of means and variation between sites 

Two methods o f  s t a t i s t i c a l  a n a l y s i s  were used t o  determine whether  t h e  mean 
c o n c e n t r a t i o n s  i n  t h e  L i t t l e  Dog e x t r a c t s  were equal  t o  those  i n  t h e  
S u p e r i o r  Washer e x t r a c t s .  The composi te method employs t h e  S t u d e n t ' s  t - t e s t ,  
and p o o l s  t h e  data,  i .e., t r e a t s  t h e  da ta  as i f  f r o m  a  sampl ing o f  t h e p o p u -  
l a t i o n  r e g a r d l e s s  o f  s p a t i a l  l o c a t i o n  i n  t h e  p i l e .  The o t h e r  method, an 
a n a l y s i s  o f  v a r i a n c e  approach (ANOVA), c o n s i d e r s  v a r i a t i o n s  due t o  sampl i n g  
depth  and l o c a t i o n  w i t h i n  each s i t e  b e f o r e  comparing t h e  s i t e s .  



Table 16. Csmparison of means and variances with decreased number of depth zones for 
constituents in the Superior Washer ASTM-A extracts. 

 ole^ ~ e p t h ~  Comparison o f  means 
C o n s t i t u e n t  PW>F PR>F f o r  sampl i n g  dep th  b  

A l 
As 
LR 
Ba 
Be 
Ca 
LCd 
LC1 
LC0 
LC r 
LCu 
EC 
Eh 
LFe 
LK 

pH 
LSi 
LS 0  
LTO 
V 
LZn 

The L b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r ans fo rm  
da ta  were used Lo c a l c u l a t e  t e s t  s t a t i s t i c .  

a ~ f  PR>F i s  g r e a t e r  than .05, a1 l means a re  equal . 
b ~ e p t h  zones: 1 = 0 t o  1.5 in; 2 = 1.6 t o  3.4 m; 3 = >3.5 m. 

The pooled method i s  t h e  s imp les t  approach and uses t h e  "usual "  sample 
mean (X) and va r i ance  ( s 2 )  c a l c u l a t i o n s :  

where n = sample s i z e  
x i  = observat ions.  



The t - t e s t  s t a t i s t i c  assumes equal var iances f o r  the  two popu la t ions ,  
w i t h  degrees o f  freedom equal t o  t h e  sum o f  t h e  sample s i zes  minus two (Sokol 
and Rohl f, 1969). The - t - t e s t  s t a t i s t i c  was c a l c u l a t e d  by: 

- - 
x1 - x2 

t =  ( 3 )  

where X i  = mean o f  popu la t i on  1 

- 
x, = mean o f  popul a t i o n  2 

1 
= var iance  o f  popul a t i o n  1 

s 2 2  = var iance  o f  popu la t i on  2  

nl = sample s i z e  o f  popu la t i on  1 

n2 = sample s i z e  o f  popu la t i on  2. 

The ana l ys i s  o f  va r iance  used the  SAS GLM procedure (SAS, 1979), 
which nes ts  h o l e  l o c a t i o n  and depth w i t h i n  s i t e  ( i  .e., p a r t i t i o n s  var iances 
due t o  l o c a t i o n  o r  depth w i t h i n - s i t e )  and compares t he  e f f e c t  o f  ho le  l o c a t i o n  
and depth w i t h o u t  us ing  an i n t e r a c t i o n  term. 

The r e s u l t s  generated by t he  hypothes is  t e s t s ,  which determined whether 
t h e  mean concen t ra t i on  o f  c o n s t i t u e n t s  between s i t e s  were s i g n i f i c a n t l y  
d i f f e r e n t ,  a re  g iven i n  t a b l e  17. The t - t e s t  and ANOVA r e s u l t s  y i e l d e d  
s i m i l a r  conc lus ions.  I n  bo th  cases A1 ,-B, S i  , and SO, concen t ra t i ons  i n  t h e  
ASTM e x t r a c t s  were not  s i g n i f i c a n t l y  d i f f e r e n t  between s i t e s .  I n  a d d i t i o n ,  
t h e  pooled t - t e s t  method found Cd and Cu concen t ra t i ons  s i m i l  a r  between 
s i t e s ;  t h e  TNOVA method found EC, Fe, and TOC concent ra t ions  s i m i l  ar .  Both 
methods i n d i c a t e d  t h a t  a l l  o t h e r  c o n s t i t u e n t s  i n  t h e  e x t r a c t s  were d i f f e r e n t  
between s i t e s  a t  the  5% s i g n i f i c a n c e  l e v e l  . Recause 15 o f  t h e  24 c o n s t i t u e n t  
concen t ra t i ons  i n  t h e  e x t r a c t s  were d i f f e r e n t  between s i t e s ,  t h e  two s i t e s  a re  
probably  d i f f e r e n t  from each o ther .  

Comparison o f  t he  two s i t e s  i n d i c a t e d  marked d i f f e r e n c e s .  Most concen- 
t r a t i o n s  o f  e x t r a c t  c o n s t i t u e n t s  were s i g n i f i c a n t l y  d i f f e r e n t ,  and l e v e l s  
o f  v a r i a t i o n  d i f f e r e d  f o r  each c o n s t i t u e n t .  A l though many of these d i f f e r -  
ences i n  v a r i a t i o n  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t i  t hey  s t i l l  a f f e c t e d  
de te rmina t ions  o f  sample numbers necessary t o  ach ieve a  c e r t a i n  degree o f  
represen ta t i veness  f o r  a  p a r t i c u l a r  c o n s t i t u e n t .  Hence, a u n i v e r s a l  sampl ing 
p r o t o c o l  f o r  gob p i l e s  does n o t  seem l i k e l y ;  each p i l e  must be t r e a t e d  i n d i -  
v i d u a l  l y  and a  sampl ing scheme developed on t he  bas i s  o f  t h e  v a r i a b i l i t y  o f  
each p i l e .  However, these f i n d i n g s  a r e  based on o n l y  two gob p i l e s .  When 
more p i l e s  have been s tud ied ,  s i m i l a r i t i e s  among p i l e s  may be found. 



Table 17. Comparison of means for the Superior Washer and 

Little Dog sites. 

C o n s t i t u e n t  Composite ANOVA 

LB 
Ba 
Be 
Ca 
LCd 
LC1 
LC0 
LC r 
LCu 

LNi 
PW 
LSi 
LSO 
LTO? 
LV 
LZ 

The L be fo re  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r ans fo rm  
data were used s c a l c u l a t e  t s t a t i  s t i c s ,  - 

NS n o t  s i g n i f i c a n t l y  d i f f e r e n t .  
i c a n t l y  d i f f e r e n t  a = .001 (99.9%). 

** s i g n i f i c a n t l y  d i f f e r e n t  a = .01 (99.0%). 
* s i g n i f i c a n t l y  d i f f e r e n t  a = .05 (95.0%). 

A v a r i e t y  o f  designs f o r  develop ing sampl i ng schen~es a r e  a v a i l a b l e  (Cochran, 
1977; Krurnbein and G r a y b i l l ,  1965; Gy, 1982). O f  p r ima ry  concern i n  
des ign ing  a  sampl ing scheme are:  1) cos t ,  2)  develop ing o b j e c t i v e s  t o  be 
i n v e s t i g a t e d ,  3) d e f i n i n g  t h e  popul a t i o n  o f  i n t e r e s t ,  4 )  s e l e c t i n g  v a r i a b l e s  
t o  be measured so t h e  o b j e c t i v e s  can be f u l f i l l e d ,  5 )  i d e n t i f y i n g  sources o f  
v a r i a b i l i t y  t h a t  need t o  be taken i n t o  account when sampl i ng ,  6) de te rmin ing  
t h e  number o f  samples requ i red  so t h a t  t h e  o b j e c t i v e s  can be determined w i t h i n  
a  de f i ned  e r r o r ,  and 7 )  develop ing app rop r i a te  s t a t i s t i c a l  model s t o  analyze 
t h e  data.  For t h e  remain ing p o r t i o n  o f  t h i s  r e p o r t ,  "sample s i z e "  w i l l  be 
used in te rchangeab ly  w i t h  " t h e  number o f  sampl es" ( e  .g . , number o f  spl  i t-spoon 
o r  auger c u t t i n g s  requ i red  t o  achieve a  requ i red  var iance,  l e v e l  o f  accuracy, 
o r  cos t ) .  



I n  deve l  o p i  ng a  sarnpl i ng scheme t o  co1 1  e c t  r e p r e s e n t a t i v e  gob sampl es f o r  
1  each ing  s t u d i e s ,  s e v e r a l  f a c t o r s  must be cons ide red .  The i n i t i a l  assumpt ion  
t h a t  t h e  gob p i l e  i n  q u e s t i o n  i s  heterogeneous r e q u i r e s  t h a t  samples be c o l -  
l e c t e d  a t  v a r i o u s  dep ths  and l o c a t i o n s  t h r o u g h o u t  t h e  p i l e .  I n  t h i s  s t u d y  
t h i s  assumpt ion  was v e r i f i e d  by t h e  genera l  1  i n e a r  model (GLM) and Tukey- 
Kramer r e s u l t s ;  s i g n i f i c a n t  d i f f e r e n c e s  i n  e x t r a c t  c o n c e n t r a t i o n s  were found 
f o r  samples c o l l e c t e d  a t  v a r i o u s  dep ths  and l o c a t i o n s  i n  t h e  gob p i l e .  There- 
f o r e ,  a  s t r a t i f i e d  sampl ing  p l a n  where samp l ing  1  o c a t i o n s  a r e  e q u i d i s t a n t  and 
e q u a l l y  r e p r e s e n t  t h e  gob p i l e  shou ld  be employed, The c o s t s  o f  g a i n i n g  
access t o  t h e  p i l e ,  s e t t i n g  up a  d r i l l  r i g  and c o l l e c t i n g ,  p r e p a r i n g ,  and 
ana l  y z i  ng sampl es must  a1 so be cons ide red  . 

P r i o r  knowledge o f  t h e  v a r i a b i l i t y  o f  t h e  gob p i l e ,  such as v a r i a n c e s  
between sampl i n g  l o c a t i o n s  ( h o l  es )  o r  depths  and v a r i a n c e s  due t o  a n a l y t i c a l  
t echn iques ,  can be used t o  d e t e r m i n e  t h e  number and k i n d s  o f  samples r e q u i r e d  
t o  ach ieve  a  d e f i n e d  l e v e l  o f  accuracy  i n  t h e  r e s u l t s .  Severa l  methods o f  
d e t e r m i n i n g  sample s i z e s  necessary  t o  m i n i m i z e  c o s t s  and v a r i a b i l i t y  o r  t o  
i n c r e a s e  accuracy  a r e  ou t1  i ned be1 ow. 

Determination of sample sizes using a a_ 
By a  C e n t r a l  L i m i t  Theorem o f  p r o b a b i l i t y  t h e o r y ,  g i v e n  t h e  sample mean 
( 2 )  and v a r i a n c e  ( s 2 ) ,  i t  i s  p o s s i b l e  t o  c o n s t r u c t  c o n f i d e n c e  i n t e r v a l s  
f o r  t h e  t r u e  mean o f  t h e  p o p u l a t i o n  samples: 

The c o n f i d e n c e  i n t e r v a l  can be used t o  e s t i m a t e  t h e  number o f  samples 
(n )  necessa ry  t o  a c h i e v e  a  sample mean w i t h i n  a  g i v e n  p r o p o r t i o n  ( r )  o f  
t h e  p o p u l a t i o n  mean ( p r e c i s i o n )  a t  a  l e v e l  o f  c o n f i d e n c e  (1 - a) .  Thus, if: 

s o l v i n g  f o r  n  (sample  s i z e )  : 

However, t h i s  f o r m u l a  must be so l ved  by i t e r a t i o n  because t h e  degrees o f  
f reedom (n -1 )  f o r  t h e  t v a l u e  change w i t h  n. By re1  a x i n g  t h e  c o n d i t i o n s  
somewhat, a  f i x e d  v a l  u e  o f  t c o u l d  be used. Choosing a  v a l  ue o f  t = 2  a1 1  ows - 
n  t o  be s o l v e d  f o r  a  c o n f i d F n c e  i n t e r v a l  o f  f 2  s t a n d a r d  e r r o r s .  Recause o n l y  
an approx imate  v a l u e  o f  n  i s  p o s s i b l e ,  t h i s  s i m p l i f i c a t i o n  i s  most reasonab le  
as a f i  r s t  app rox ima t ion .  Note a1 so t h a t  f o r  1  a rge  numbers o f  samples ( n )  , 
t+=.05, 60) = 2  and a t  n  = 120, t i s  f o r  a1 1  p r a c t i c a l  purposes t h e  same as 
t h e  normal d i s t r i b u t i o n  w i t h  t~yj-" 2.05 = 1.96. The sample s i z e s  r e p o r t e d  i n  
t a b l e s  18 and 19 have been c a l c u l a t e d  t o  e s t i m a t e  w i t h i n  5%, l o%,  and 25%, a t  
a  95% c o n f i d e n c e  i n t e r v a l  o f  t h e  t r u e  wa te r  s o l u b l e  c o n s t i t u e n t  c o n c e n t r a t i o n  
i n  t h e  r e f u s e  p i  1  es ( such  t h a t  r = .O5, .I ,  2 5  i n  fo rmu l  a  4 ) .  These sample 
s i z e s  a r e  s p e c i f i c  t o  t h e  samp l ing  methods and t h e  s i t e s  o f  t h i s  s t u d y :  1 )  
s p l  i t - s p o o n  sampl i n g  a t  0.6 m  i n t e r v a l s ,  2) a n a l y s i s  o f  samples u s i n g  t h e  
ASTM-A shake t e s t  p rocedure  as opposed t o  s o l i d  a n a l y s i s  and, 3 )  c o a l  r e f u s e  
m a t e r i a l  genera ted  by t h e  m i n i n g  o f  H e r r i n  (No. 5 )  Coal . However, t h e  sample 



s i zes  l i s t e d  may serve as a  gu ide f o r  a  f i r s t  sampl i n g  i n  a  t i e r e d  sampling 
scheme a t  o the r  s i t e s ,  

i s  s t a t i s t i c a l l y  t h e  s imp les t  o f  
data f o r  each s i t e  w i t h o u t  r ega rd  
11 and seven samples p e r  h o l e  f o r  

p e c t i v e l y ,  these r e s u l t s  i n d i c a t e  
ted.  For bo th  t h e  Supe r i o r  

Washer and L i t t l e  Dog s i t e s ,  t h e  ana ly tes  81, Ca, C1, EC, Eh, Fe, Mg, pH, S i  , 
SO,, and TOC requ i red  sample s i zes  between one and 65 samples a t  t he  10% e r r o r  
l e v e l ,  Sample s i zes  a t  t h e  10% l e v e l  f o r  Co, Cu, K, Ni ,  and V were l a r g e ,  
which suggests t h a t  t he  e x t r a c t  concen t ra t ions  would be d i  f f i c u l  t t o  es t imate  
w i t h  a  h i g h  degree o f  accuracy. Few c o n s t i t u e n t s  have " p r a c t i c a l "  sample 
s i zes  a t  t h e  5% e r r o r  l e v e l  , 

As demonstrated, bo th  sample depth and l o c a t i o n  have been shown t o  a f f e c t  
c o n s t i t u e n t  concen t ra t ions ,  To focus on t h e  v a r i a b i l i t y  between holes,  t h e  
mean concen t ra t i on  o f  a  complete ly  sampled ho le  may be used as an es t imate  o f  
t h e  popu la t i on  concen t ra t i on .  The i n v e s t i g a t o r  cou ld  con t i nuous l y  sample a  
ho le ,  and analyze one composite sample from each hole,  Th is  would reduce t h e  
number o f  samples t o  be analyzed and a1 low more ho les t o  be sampled. A1 so, 
t h e  i n v e s t i g a t o r  cou ld  analyze several  subsamples o f  t he  composite sample and 
i n t r o d u c e  an e r r o r  term i n t o  t h e  s t a t i s t i c a l  e v a l u a t i o n  o f  t h e  da ta  t o  account 
f o r  a n a l y t i c a l  v a r i a b i l i t y ,  Th is  may be l e s s  expensive than t a k i n g  a  l a r g e  
number o f  sp l  i t-spoon sampl es, 

A l though t h e  sampl i n g  methodology o f  t h i s  p r o j e c t  d i d  not  i n v o l v e  compo- 
s i t i n g  samples per  ho le ,  t h e  da ta  were grouped t o  s imu la te  composit ing. How- 
ever ,  due t o  so l  ub i  l i t y  c o n t r o l  s  and i n t e r a c t i o n s  between sol  ub l  e  c o n s t i t u e n t s  
( i  ,em, adsorp t ion ,  p r e c i  p i  a t i o n ) ,  t h e  concen t ra t i on  o f  e x t r a c t  c o n s t i t u e n t s  
-- determined by averaging t h e  observa t ions  ( i n d i v i d u a l  spl  i t-spoon sampl e  
e x t r a c t s )  f o r  each h o l e  -- may no t  represen t  t h e  concen t ra t i ons  o f  e x t r a c t  
c o n s t i t u e n t s  as accu ra te l y  as i f  t h e  s o l i d  p l  i t-spoon samples f o r  each ho le  

e re  combined and then  sub jec ted  t o  t h e  AST shake t e s t .  Averaging concentra- 
t i o n s  o f  t h e  e x t r a c t s  from t h e  a v a i l a b l e  data from each ho le  i s  a reasonable 
approx imat ion o f  a "composite" e x t r a c t .  For t h e  Super io r  Washer data,  a  
s imple average o f  t he  observa t ions  f o r  each ho le  was used as a "composite" 
es t ima te  because these ho les were con t i nuous l y  sampled. Because t h e  e n t i r e  
ho le  was sampled, t h i s  composite mean would have no var iance  and would simu- 
1  a t e  a  t r u e ,  s ing1 e  composite observat ion,  

Unl i k e  t h e  Super ior  Washer s i t e ,  most ho les  o f  t h e  L i t t l e  Dog s i t e  were 
n o t  c o n t i  nuously  sampl ed , Because t h e  number o f  poss i  b l  e  sampl es c o l  1  ected a t  
0.6 m i n t e r v a l s  f o r  each ho le  i s  a f u n c t i o n  o f  ho le  depth (and hence a f i n i t e  
number), a  f i n i t e  popu la t i on  c o r r e c t i o n  f a c t o r  ( f p c )  was in t roduced f o r  t h i s  
d i  s c o n t i  nuous sarnpl i ng w i t hou t  rep1 acement When a l  1  possi  b l  e  sampl es are 
c o l l e c t e d ,  t h e  composite mean o f  a  ho le  has no var iance,  I f  a  ho le  i s  o n l y  
p a r t i a l l y  sampled, t h e  var iance  o f  t h e  mean o f  t h e  ho le  i s  c a l c u l a t e d  by: 



where Ni = a l l  p o s s i b l e  samples ( d e p t h  o f  h o l e )  
n i  = number o f  samples c o l l e c t e d  

S i  = v a r i a n c e  o f  t h e  o b s e r v a t i o n s  i n  t h e  h o l e .  

I n  those  h o l e s  where incomp le te  sampl ing occur red,  t h e  v a r i a n c e  o f  t h e  mean 
was u s u a l l y  l e s s  t h a n  15% o f  t h e  v a r i a n c e  between d i f f e r e n t  h o l e  means and 
ranged f rom 3% t o  50%. On t h e  b a s i s  o f  these f i n d i n g s ,  t h e  means f o r  h o l e s  a t  
t h e  L i t t l e  Dog s i t e  were t r e a t e d  as i f  c o m p l e t e l y  sampled, and t h e  v a r i a n c e  
w i t h i n  a  h o l e  equal t o  zero,  

Because t h e  v a r i a b i l i t y  w i t h i n  a  h o l e  i s  zero,  t h e  v a r i a b i l i t y  between 
d i f f e r e n t  h o l e  means was c a l c u l a t e d  by: 

where x - = t h e  unweighted mean o f  t h e  h o l e  means 
X i  = mean o f  h01 e  i 
n,, = number o f  ho les .  

The number o f  samples r e q u i r e d  f o r  each e r r o r  l e v e l  (5%, lo%,  and 25%) can be 
c a l c u l a t e d  by  s u b s t i t u t i n g  t h e  v a r i a n c e  between h o l e s  ( s  2, where each h o l e  
i s  c o n s i d e r e d  as a  s i n g l e  compos i te  sample f o r  t h e  v a r i a k e  ( s 2 )  i n  f o r m u l a  4. 
The r e s u l t s  ( t a b l e s  18 and 19) r e p r e s e n t  t h e  number o f  h o l e s  where one com- 
p o s i  t e  sample p e r  h o l e  was c o l l e c t e d .  

H is tograms a r e  presented t o  summarize t h e  r e s u l t s  o f  sample s i z e s  f o r  t h e  
v a r i o u s  e x t r a c t  c o n s t i t u e n t s .  The number o f  samples shown i n  t h e s e  f i g u r e s  
was generated by u s i n g  t h e  composi te g roup ing  o f  t h e  e x t r a c t  da ta  and es t ima-  
t i n g  t h e  sample mean w i t h i n  f 10% o f  t h e  popul  a t i o n  mean f o r  a  95% c o n f i d e n c e  
i n t e r v a l .  The v i s u a l  r e p r e s e n t a t i o n  of  sample s i z e s  f o r  each e x t r a c t  c o n s t i t -  
u e n t  i n  t h e  h i s tog rams ( f i g s .  8 and 9)  a l l o w s  c o n s t i t u e n t s  t o  be e a s i l y  
grouped a c c o r d i  ng t o  sampl e  s i  zes . General 1  y , c o n s t i  t u e n t s  f o r  b o t h  s i t e s  
c o u l d  be p laced  i n t o  t h r e e  groups by  sample s i z e s :  1-50, 5 1 - 1 5 0 a n d  >l5O. 
Aluminum, Ca, C1, EC, Eh, Fe, Mg, pH, S i ,  SO,, and TOC r e q u i r e d  t h a t  l e s s  t h a n  
50 samples be c o l l e c t e d  f o r  t h e  sample mean t o  be w i t h i n  10% o f  t h e  p o p u l a t i o n  
mean; a t  t h e  o t h e r  extreme, R, Co, Cu, K ,  and V r e q u i r e d  more than  150 Sam- 
p l e s ,  wh ich made e s t i m a t e s  f o r  these  c o n s t i t u e n t s  d i f f i c u l t .  Note t h a t  t h e s e  
l a t t e r  c o n s t i t u e n t s  a r e  t h e  same elements t h a t  showed l a r g e  amounts o f  w i t h i n -  
sample v a r i a n c e  d i scussed  e a r l i e r  i n  t h e  r e p o r t .  Chromium was t h e  o n l y  con- 
s t i t u e n t  f o r  b o t h  s i t e s  t h a t  r e q u i r e d  between 51 and 150 samples t o  e s t i m a t e  
t h e  mean c o n c e n t r a t i o n  o f  t h e  p i l e  w i t h i n  10%. 

D i f f e r e n c e s  i n  sample s i z e s  between t h e  two s i t e s  were e v i d e n t .  A two- 
f o l d  o r  g r e a t e r  i n c r e a s e  i n  t h e  number o f  samples f o r  t h e  L i t t l e  Dog A1 , Ra, 
Be, Cd, C1 , and TOC e x t r a c t  c o n s t i t u e n t s  was necessary  f o r  t h e  sample mean t o  
be w i t h i n  10% o f  t h e  p o p u l a t i o n  mean. The S u p e r i o r  Washer s i t e  r e q u i r e d  
sample s i z e s  f o r  As, Mg, Mn, Ni , and Zn t o  be t w i c e  as g r e a t  as t h e  c o r r e -  
spondi  ng L i  ttl e  Dog sampl e  s i  zes. These d i  f fe rences  i n  sampl e  number r e q u i  r e -  
ments between s i t e s  r e f l e c t  t h e  amounts o f  v a r i a t i o n  p r e s e n t  f o r  each c o n s t i t -  
uen t .  The more v a r i a t i o n  an e x t r a c t  c o n s t i t u e n t  e x h i b i t s  w i t h i n  a  r e f u s e  p i l e  
( o r  w i t h i n  a  sample),  t h e  g r e a t e r  t h e  sample number r e q u i r e d  t o  have p r e c i s i o n  
equal  t o  those  c o n s t i  t u e n t s  e x h i  b i  ti ng l ess v a r i a t i o n .  



Table 18. Number of Little Dog samples to attain a sample mean within + 5%, lo%, or 25% of the population mean. 

Pool ed Composite 

C o n s t i t u e n t  5% 10% 25% 5% 10% 25% 

Ba ' 

Be 
Ca 
LCd 
LC1 
LC0 
LC r 
LCu 
L  EC 
Eh 
LFe 
LK 

LNi 
pH 
LSi  
LSO 
L T O ~  
LV 
LZn 

mean (n=24) 982 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  da ta  were used 
t o  c a l c u l a t e  sample s izes ,  

Al though many o f  t h e  sample s i zes  a re  extreme, and c o l l e c t i o n  o f  such a 
l a r g e  number o f  samples would be i m p r a c t i c a l ,  t h e  sample s i zes  r e f l e c t  t h e  
v a r i a b i l i t y  o f  t h e  water s o l u b l e  c o n s t i t u e n t s  i n  t h e  coal  re fuse  p i l e s ,  
Depending on how r e p r e s e n t a t i v e  t h e  sampling p l an  needs t o  be, an i n v e s t i g a t o r  
can a l t e r  t h e  l e v e l  o f  s i g n i f i c a n c e  o r  percent  e r r o r  t o  accornodate h i s  
f inances,  a n a l y t i c a l  capab i l  i t i e s ,  and t ime  schedule. The sample s i z e  needed 
w i l l  be r e f l e c t e d  by t h e  hypothes is  i n  quest ion,  I f  one i s  i n t e r e s t e d  o n l y  i n  
genera t ing  a  r e p r e s e n t a t i v e  es t ima te  o f  t h e  p i l e ,  then  t h e  composite method ( a  
composite sample o f  each ho le  w i t h  severa l  rep1 i c a t e s  o f  each sample) probably  
p rov ides  t h e  bes t  es t imate ,  The pooled method, w i t h  un i f o rm  sampling over  
depth and l o c a t i o n ,  m igh t  p rov ide  t r e n d  i n f o r m a t i o n  as we l l  as an es t imate  o f  
t h e  p i l e  concen t ra t i on ,  



Table 19. Number of Superior Washer samples to attain a sample mean within + 5%, lo%, or 25% of the population mean. 

Pool ed Composi te 

C o n s t i t u e n t  5% 10% 25% 5% 10% 25% 

LA1 
LAs 
LB 
Ba 
Be 
Ca 
LCd 
LC1 
LC0 
LCr  
LCu 
LEC 
Eh 
LFe 
LK 
LMg 
LMn 
LNi  
pH 
LS i  
LSO 
L T O ~  
LV 
LZn 

mean (n=24) 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  d a t a  were used t o  
c a l  c u l  a t e  sampl e s i  zes. 

Determination of sample sizes using cost an variance functions 

A more s o p h i s t i c a t e d  method f o r  d e t e r m i n i n g  a  sampl ing  scheme u s i n g  t h e  d a t a  
genera ted  by t h i  s  s t u d y  i n v o l  ves an o p t i m a l  a1 1  o c a t i o n  o f  resources  approach.  
From t h e  GLM r e s u l t s ,  t h e  v a r i a t i o n  i n  each s i t e  can be p a r t i t i o n e d  
as t h e  v a r i a n c e  between h o l e s  (VH),  t h e  v a r i a n c e  between d e p t h  zones (VD) and 
a  sampl i n g  e r r o r  v a r i a n c e  ( V E ) .  Assuming i n t e r a c t i o n  t o  be z e r o  and t h e  mean 
square  f o r  e r r o r  (MSE) t o  be an e s t i m a t e  o f  V , V H  and V D  can be e s t i m a t e d  
f rom t h e i r  r e s p e c t i v e  mean squares (MSH and M 5 D, r e s p e c t i v e l y )  a d j u s t e d  f o r  

sample s i z e  and VE:  VH = MSH-MSE 
9 

degrees f reedom d e p t h  + 1 
VD = MSD-MSE , (Soko l  and R o h l f ,  1969; Sche f fe ,  1959).  

degrees f reedom h o l e  + 1 



Constituent 

pH Si SO4 TOC 

Figure 8. Number  o f  samples a t  10% error level and consti tuents f o r  L i t t l e  Dog extracts. 



N i  pH Si SO4 TOC 

Constituent 

Figure 9. N u m b e r  o f  samples a t  10% error  level a n d  const i tuents  f o r  Super io r  Washer extracts.  



The v a r i a n c e  o f  t h e  p o p u l a t i o n  mean ( j )  i s :  

where V -  = v a r i a n c e  o f  t h e  p o p u l a t i o n  mean f o r  a  p a r t i c u l a r  e x t r a c t  
c o n s t i t u e n t  . 

H = number o f  sampl i n g  h o l e s  
D = number o f  d e p t h  zones 
H 4  = t o t a l  number o f  samples. 

By r e v i e w i n g  t h e  c o s t s  o f  t h i s  s t u d y  t o  c o l l e c t ,  p repare ,  and ana lyze  t h e  
samples f o r  30 c o n s t i t u e n t s  w i t h  t h e  ASTM e x t r a c t i o n  method, a  c o s t  f u n c t i o n  
was d e r i v e d :  

where C = c o s t  t o  c o l l e c t  and a n a l y z e  samples f o r  a l l  c o n s t i t u e n t s  
H = t h e  number o f  h o l e s  
15 = t h e  average c o s t / h o l e  i n  d o l l a r s  o f  d r i l l i n g  a  h o l e  
22.5 = t h e  average c o s t  o f  c o l l e c t i n g  s p l  i t-spoon samples w i t h  d e p t h  
L = t h e  average d e p t h  o f  t h e  gob p i l e  
30 = t h e  average c o s t  o f  p r e p a r i n g  and a n a l y z i n g  a  sample 
D = t h e  number o f  dep th  zones. 

The v a r i a n c e s  i n  t a b l e  20 were used t o  e s t i m a t e  VH, VD, and V f o r  e x t r a c t  5 c o n s t i t u e n t  c o n c e n t r a t i o n s  and t o  s e l e c t  d i f f e r e n t  numbers an combi n a t i o n s  o f  
sample h o l e s  (H)  and dep ths  ( D ) ;  t h e  v a r i a n c e  ( v - )  o f  t h e  p o p u l a t i o n  as w e l l  as 
t h e  c o s t  i n v o l v e d  i n  samp l ing  t h e  p a r t i c u l a r  numger o f  h o l e s  and dep ths  were 
t h e n  e s t i m a t e d .  T h i s  method o f  d e t e r m i n i n g  sample s i z e s  i s  demonst ra ted i n  
Case I (p .  52 ) .  Because t h e r e  a r e  d i f f e r e n c e s  between dep th  zones (GLM 
r e s u l t s  i n  t a b l e  1 3 ) ,  t h e  e n t i  r e  h o l e  must be sampled, even i f  o n l y  one com- 
p o s i t e  sample pe r  h o l e  i s  c o l l e c t e d .  A c c o r d i n g l y ,  t h e  L  t e r m  i n  t h e  c o s t  
f u n c t i o n  a d j u s t s  t h e  c o s t  o f  d r i l l i n g  a  h o l e  f o r  gob p i l e s  o f  v a r i o u s  dep ths .  

G iven t h e  c o s t  and v a r i a n c e  f u n c t i o n s  ( e q u a t i o n s  7 and 8 ) ,  t h e  b e s t  
c o m b i n a t i o n  o f  h o l e s  and d e p t h  zones t o  m i n i m i z e  t h e  v a r i a n c e  (Vj j )  f o r  a  
f i x e d  c o s t  can be determined,  as  demonst ra ted i n  Case I1  (p .  5 5 ) .  The 
mathemat i ca l  p rocedure  used t o  m i n i m i z e  e q u a t i o n s  7 and 8  i s  shown i n  append ix  B. 

The f i n a l  approach f o r  d e t e r m i n i n g  sample s i z e s  i s  shown i n  Case I11 
(p. 56)  where t h e  v a r i a n c e  (Vy) i s  f i x e d  and t h e  b e s t  comb ina t ions  o f  h o l e s  
and d e p t h  zones a r e  de te rm ined  t o  m i n i m i z e  c o s t .  

D e t e r m i n i n g  sample s i z e  by m i n i m i z i n g  c o s t s  o r  v a r i a n c e s  a l l o w s  t h e  
v a r i a n c e s  de te rm ined  i n  t h i s  s t u d y  t o  he used as a  g u i d e  f o r  d e t e r m i n i n g  
sample s i z e s  f o r  o t h e r  gob p i l e s ,  w i t h o u t  t h e  s t i p u l a t i o n  t h a t  t h e  sampl ing  
scheme be i d e n t i c a l  t o  t h a t  used i n  t h i s  s tudy ,  However, t h e  two gob p i 1  es 
s t u d i e d  had d i f f e r e n t  v a r i a n c e s  and means f o r  e x t r a c t  c o n s t i t u e n t s ,  and t h e  
d a t a  p resen ted  r e p r e s e n t  o n l y  e s t i m a t e s  o f  sample s i z e s .  T h i s  approach and 
t h e  v a r i a n c e s  l i s t e d  can be used as a  sampl ing  g u i d e  i f  p r e l i m i n a r y  d a t a  as t o  



Table 20. Variances for ASTM -A  constituent concentrations. 

L i t t l e  Dog S u p e r i o r  Washer. 

C o n s t i t u e n t  v ~ a  vDC C o n s t i t u e n t  v~ "H 

LA1 
LAs 
LB 
Ba 
Be 
Ca 
L  Cd 
LC1 
LC0 
LC r 
LCu 
LEC 
Eh 
LFe 
LK 
Mg 
LMn 
LNa 
LNi  
pH 
LS i  
LS04 
LTOC 
LV 
LZn 

A1 
As 
LB 
Ba 
Be 
Ca 
L  Cd 
LC 1  
LC0 
LC r 
LCu 
EC 
Ek 
LFe 
LK 
LMs 
LMn 

LNi 
pH 
LSi  
LSO 
L T O ~  
V 
LZn 

The L  b e f o r e  c o n s t i t u e n t  symbol i n d i c a t e s  l o g  t r a n s f o r m  d a t a  were used t o  c a l c u l a t e  s i z e s .  
a  samp l ing  e r r o r  v a r i a n c e  

v a r i a n c e  between h o l e s  

z C v a r i a n c e  between dep th  zones 



t h e  v a r i a b i  1  i t y  o f  t h e  gob p i l e  a r e  u n a v a i l a b l e .  These approaches c o u l d  a1 so 
be used i f  a  t w o - t i e r e d  samp l ing  p l a n  were b e i n g  used, w i t h  t h e  r e s u l t s  f rom 
t h i s  s t u d y  a c t i n g  as a  g u i d e  t o  t h e  f i r s t  t i e r  o f  t h e  sampl ing  scheme. Though 
t h e  d a t a  s e t  o f  t h i s  s t u d y  i s  1  a rge  f o r  a  f i r s t  t i e r  o f  a  t w o - t i e r e d  sampl i n g  
p l a n ,  t h i s  s o r t  o f  approach i s  necessary  f o r  d e s i g n i n g  a  sampl i n g  p l a n  where 
more s o p h i s t i c a t e d  q u e s t i o n s  ( s u c h  as t r e n d s  i n  c o n c e n t r a t i o n s  due t o  d e p t h  o r  
l o c a t i o n )  a r e  t o  be answered. 

An example o f  a  computer s i m u l a t i o n  u s i n g  t h e  program i n  appendix C was 
per formed f o r  Fe e x t r a c t  l o g  c o n c e n t r a t i o n s  and pH v a l u e s  f rom L i t t l e  Oog and 
S u p e r i o r  Washer s p l i t - s p ' o o n  samples. The r e s u l t s  o f  t h i s  s i m u l a t i o n  a r e  g i v e n  
i n  tab1  e  21, The f o l  1  owing i n f o r m a t i o n  was used t o  genera te  t h e  r e s u l t s  
l i s t e d  i n  t h e  t a b l e :  

1 )  Equa t ions  7 and 8 were used t o  c a l c u l a t e  t h e  p o p u l a t i o n  v a r i a n c e  and 
c o s t s .  

2) UH9 V D 9  and V E  were o b t a i n e d  f r o m  t a b l e  20. 

3 )  L i n  e q u a t i o n  8 was f i x e d ,  equal t o  29 o r  11, t h e  average dep th  o f  
t h e  L i t t l e  Dog and S u p e r i o r  Washer gob p i l e ,  r e s p e c t i v e l y .  

4 )  H and D i n  t a b l e  21 = 1, 3, 5, 7, o r  9, where H = number o f  
h o l e s  and D = number o f  dep th  zones, 

5 )  n  = t o t a l  number o f  samples, ( H e D ) .  

6 )  Combinat ions  o f  H and D were used t o  c a l c u l a t e  v a r i o u s  c o s t s  and 
v a r i a n c e s ,  

7 )  A c t u a l  c o s t  = c o s t  f o r  c o l l e c t i o n  and a n a l y s i s  o f  t h e  p a r t i c u l a r  
number o f  h o l e s  and samples. 

8) V j  = e s t i m a t e d  p o p u l a t i o n  v a r i a n c e ,  

V y  x  100 9 )  Pe rcen t  mean = =--- 
X 

where 2 i s  t h e  mean Fe l o g  c o n c e n t r a t i o n  o r  pH v a l u e s  o f  t h e  117 
L i t t l e  Dog and 63 S u p e r i o r  Washer e x t r a c t s  genera ted  i n  t h i s  s tudy.  

1 0 )  P e r c e n t  + 2 s tandard  e r r o r s  ( S ? )  = (2)(JVy) 100. 
- 
X 

To f u r t h e r  e x p l a i n  t h e  s i m u l a t i o n ,  an example o f  t h e  c a l c u l a t i o n s  and 
e x p l a n a t i o n  o f  t h e  r e s u l t s  u s i n g  Fe as t h e  c o n s t i t u e n t  o f  i n t e r e s t  and d a t a  
f rom t h e  L i t t l e  Dog s i t e  a r e  p resen ted  below. The program i n  appendix C 
a1 1  ows i t e r a t i o n s  o f  v a r i o u s  number combi n a t i o n s  o f  ho l  es and sampl i ng 
depths .  These numbers (1 ,  3, 5, 7, 9 )  c o u l d  he changed t o  f u l f i l l  o t h e r  
i n v e s t i y a t o r s '  sampl ing  p lans .  Fo r  t h e  sake o f  s i m p l i c i t y  i n  t h i s  example, 
r e s u l t s  ( t a b l e  21) u s i n g  t h e  comb ina t ion  o f  5 e q u a l l y  spaced h o l e s  and 3 
e q u a l l y  spaced samples pe r  h o l e  w i  11 be ill u s t r a t e d .  



Table 21. Number o f  samples t o  min imize variance and cost f o r  Fe and p H  i n  the L i t t l e  Dog and Superior Washer 
ASTM -A  extracts. 

L i t t l e  Dog 

Actual Percent Percent  
D~ H~ n c o s t  v - ~  mean t 2si( 

Y 

LFe 

1 1  
3  1 
5 1 
7 1 
9 1 
1 3  
3  3  
5 3  
7 3 
9 3 
1 5  
3  5 
5  5 
7 5 
9 5 

pH 

a sampl ing depth 

bsampl i ng l o c a t i  on 

Cpopul a t i o n  var iance  
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The e s t i m a t e d  p o p u l a t i o n  v a r i a n c e  was determined f rom e q u a t i o n  7  and t h e  
v a r i a n c e s  l i s t e d  i n  t a b l e  20: 

Because t h e  p o p u l a t i o n  v a r i a n c e  i s  t h e  square o f  t h e  s tandard  e r r o r  o f  
t h e  p o p u l a t i o n  mean, t h e  r e s u l t s  generated by t h e  s i m u l a t i o n  can he t r e a t e d  
s i m i l a r l y  t o  t h o s e  o f  t h e  t d i  s t r i  b u t i o n  method o f  e s t i m a t i n g  sampl e  s i zes .  
The l o g i c  beh ind t h e  t d i s T r i  b u t i o n  method d i c t a t e s  t h a t  t h e  p r o p o r t i o n  ( i n  
p e r c e n t )  t h a t  t h e  sa$ e  mean approximates t h e  popul  a t i  on mean w i  t h i  n  two 
s tandard  e r r o r s  ,( n_l ) = 2 )  a t  a  95% c o n f i d e n c e  1  eve1 can be e s t i m a t e d  
f o r  t h e  v a r i o u s  samp e  s l z e s  generated by t h e  s i m u l a t i o n .  The r e s u l t s  a r e  
1  i s t e d  i n  t a b l e  21 under  t h e  column heading p e r c e n t  i: 2SR. F o r  t h i s  example 
( 5  h o l e s ,  3  depths)  t h e  p e r c e n t  f 2 S x  was equal t o :  

The r e s u l t  of t h i s  ca l  c u l a t i o n  i n d i c a t e s  t h a t  t h e  p o p u l a t i o n  mean, w i t h  a  95% 
c e r t a i n t y ,  w i l l  be w i t h i n  f 15.17% o f  t h e  sample mean generated by t h e s e  15 
sampl es. 

Another  p o s s i b l e  way o f  d e t e r m i n i n g  t h e  p r e c i s i o n  o f  t h e  sample i s  by 
c a l  c u l  a t i n g  t h e  r a t i o  o f  t h e  sample mean v a r i a n c e  t o  t h e  
mean) ( t a b l e  21).  Fo r  t h i s  example, t he  p e r c e n t  mean = 2.58265 
1.48% -- t h e  v a r i a n c e  o f  t h e  sample mean i s  1.48% o f  t h e  sarnpl e  mean. T h i s  i s  
s i m i l  a r  t o  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  t h a t  c o u l d  a1 so be used, 

The c o s t  o f  p r e p a r i n g  and a n a l y z i n g  t h e  15 sarnpl es was c a l c u l a t e d  u s i n g  
e q u a t i o n  8 where: 

C = H ( 1 5  + 22.5L + 30D) 
= 5 [15 + (22.5) (29 )  + (30 )  ( 3 ) ]  
= $3787.50 ( i  .e., t h e  c o s t  o f  p r e p a r i  ny and a n a l y z i  ng t h e  15 samples) . 

The o t h e r  s imul  a t i o n s  de te rm ine  t h e  va r iances ,  c o s t ,  and p r e c i  s i o n  
r e q u i  reinents s i m i l  a r l y .  

CASE I I  

to minimize variance 

The Case I1 s i m u l a t i o n  used a  c o s t  f u n c t i o n  f i x e d  a t  $l,OOO, $5,000, $10,000, 
$15,000, and $?5,OOO f o r  c o l l  e c t i o n  o f  s p l  i t-spoon samples, sample p repar -  
a t i o n ,  and a n a l y s i s  o f  t h e  ASTM e x t r a c t s  t o  de te rm ine  t h e  c o n c e n t r a t i o n s  
of  30 c o n s t i t u e n t s .  Equa t ions  2 ,  3, and 11 i n  appendix B and t h e  computer 



program i n  appendix D were used i n  t h i s  s i m u l a t i o n ,  An example o f  t h e  simu- 
l a t i o n  f o r  Fe l o g  c o n c e n t r a t i o n s  and pH va lues  f rom t h e  ASTM-A e x t r a c t  p roce-  
d u r e  f o r  t h e  L i t t l e  Dog and S u p e r i o r  Washer s i t e s  i s  shown i n  t a b l e  22, The 
f o l l o w i n g  d e f i n e  o r  e x p l a i n  t h e  r e s u l t s  i n  t h e  t a b l e :  

1 )  Cost  i s  f i x e d  a t  e i t h e r  $1,000, $5,000, $10,000, $15,000, o r  $25,000. 

2 )  D  and H  = t h e  c a l c u l a t e d  d e p t h  zones and ho les ,  as d e r i v e d  f rom 
e q u a t i o n s  2, 3, and 11, r e s p e c t i v e l y ,  i n  appendix B. 

3 )  n  = t o t a l  number o f  sampl es, ( H ~ D )  

4 )  A c t u a l  c o s t ,  Vy, p e r c e n t  mean, p e r c e n t  + 2SR a r e  d e r i v e d  s i m i l a r l y  
t o  Case I. 

5 )  L  i s  f i x e d  i n  e q u a t i o n  2  as 29 and 11 f o r  t h e  L i t t l e  Dog and S u p e r i o r  
Washer s i t e s ,  r e s p e c t i v e l y ,  and r e p r e s e n t s  t h e  average dep ths  o f  t h e  
two gob p i 1  es. 

Severa l  o b s e r v a t i o n s  can be made f rom t h i s  s i m u l a t i o n :  

1) D i f f e r e n t  c o s t s  r e s u l t  i n  d i f f e r e n t  sample s i z e s ;  t h u s ,  t h e  
e s t i m a t e  o f  t h e  p o p u l a t i o n  v a r i a n c e  w i l l  va ry .  

2 )  Depending on t h e  v a r i a n c e  a s s o c i a t e d  w i t h  t h e  a n a l y t e  b e i n g  c o n s i d -  
ered,  f o r  a  g i v e n  c o s t ,  d i f f e r e n c e s  i n  t h e  number o f  h o l e s  and d e p t h  
zones as w e l l  as t h e  accuracy  i n  e s t i m a t i n g  t h e  p o p u l a t i o n  v a r i a n c e  
w i l l  change due t o  d i f f e r e n c e s  between c o n s t i t u e n t  and gob p i l e  
v a r i a b i l i t y .  

ixing variance to s a 
to minimize cost 

h i s  s i m u l a t i o n  t h e  v a r i a n c e  ( was f i x e d  a t  PO%, 5%, and 
f t h e  sample mean f o r  each e x  t u e n t  and t h e  number o f  

h o l e s  and d e p t h  zones t o  m i n i m i z e  c o s t  were de te rm ined .  An example o f  t h e  
s imul  a t i o n  f o r  Fe 1  og c o n c e n t r a t i o n s  and pH v a l u e s  genera ted  f rom t h e  ASTM-A 
e x t r a c t  p rocedure  f o r  t h e  L i t t l e  Dog and S u p e r i o r  Washer s i t e s  i s  shown i n  
t a b l e  23. The d e f i n i t i o n s  o f  t h e  symbols used i n  t h i s  t a b l e  a r e  t h e  same as  
t h o s e  e x p l a i n e d  i n  t h e  two p r e v i o u s  cases. Equa t ions  1, 6, and 16 i n  appendix 
B  and t h e  computer  program i n  append ix  E  were used i n  t h i s  s i m u l a t i o n ,  

The r e s u l t s  o f  t h i s  s i m u l a t i o n  a r e  as expected.  As t h e  v a r i a n c e  i s  
decreased t o  i n s u r e  accuracy ,  t h e  sample s i z e s  and t h e  c o s t s  i n c r e a s e  acco r -  
d i n g l y .  As was observed i n  t h e  o t h e r  s imul  a t i o n s ,  d i  f f e r e n c e s  between e x t r a c t  
c o n s t i t u e n t s  arid gob p i l e s  a r e  apparen t .  When d e t e r m i n i n g  a  sampl i n g  p l a n  

(where seve ra l  c o n s t i t u e n t s  w i l l  be i n v e s t i g a t e d ,  a compromise between c o s t  and 
accuracy  wou ld  have t o  be made, depending on t h e  s p e c i f i c  chemical  c o n s t i t u -  
e n t s  o f  i n t e r e s t .  

I n  summary, t hese  s i m u l a t i o n s  a r e  gu ides  t o  d e v e l o p i n g  a  sampl ing  p l a n  
f o r  c o l l e c t i o n  o f  samples f rom gob p i l e s  f o r  use i n  l e a c h i n g  s t u d i e s ,  One 
must remember t h a t  d i f f e r e n c e s  e x i s t  f o r  each e x t r a c t  c o n s t i t u e n t ,  and t h u s  
c o s t s  and t h e  number o f  samples r e q u i r e d  t o  e s t i m a t e  t h e  p o p u l a t i o n  v a r i a n c e  
f o r  a  p a r t i c u l a r  c o n s t i t u e n t  w i l l  va ry ,  Compromises would have t o  be made i f  



Table 22. N u m b e r  o f  samples t o  m i n i m i z e  variance a t  a f i x e d  cost f o r  Fe  and  p H  in t h e  L i t t l e  D o g  a n d  Super io r  Washer A S T M - A  ex t rac ts .  

A c t u a l  Pe rcen t  Pe rcen t  
D H n  c o s t  V -  mean + 2SR 

Y Cost  

L i t t l e  Dog 

LFe 

S u p e r i o r  Washer 

LFe 



Table 23. Number of samples to  minimize cost at a fixed variance for Fe and pH in the Little Dog and Superior Washer ASTM-A extracts. 

P r o p o r t i o n  Act  u a1 Percent  Percen t  
o f  mean D H n c o s t  mean f 2SZ "7 

L i t t l e  Dog 

LFe V E  = ,17600 VH = a05134 VD = .04913 X = 2.58265 

S u p e r i o r  Washer 

LFe VE = .13045 VH = .00649 VD = ,02063 "x 2,81320 



s e v e r a l  c o n s t i t u e n t s  a r e  i n v e s t i g a t e d .  I f  " x "  do1 l a r s  were a v a i l a b l e  f o r  t h e  
i n v e s t i g a t i o n ,  an average o f  t h e  number o f  h o l e s  and dep th  c l a s s e s  f o r  a l l  
c o n s t i t u e n t s  t h a t  p r o v i d e  a  minimum v a r i a n c e  ( V - )  wou ld  be used i n  t h e  sample 
c o l  l e c t i o n  process.  Converse ly ,  i f  t h e  v a r i a n d s  f o r  p a r t i c u l a r  c o n s t i t u e n t s  
must be k e p t  t o  a  minimum, t h e  average c o s t  t o  c o l l e c t  and a n a l y z e  t h e  samples 
f o r  t h e  c o n s t i t u e n t s  c o u l d  be used t o  e s t i m a t e  t h e  c o s t  o f  t h e  samp l ing  p l a n .  

The r e s u l t s  o f  t h e  computer s i m u l a t i o n  can a c t  as a  gu ide  f o r  f u t u r e  
sampl ing p lans .  However, t h e  c o s t  f u n c t i o n  was d e r i v e d  f o r  t h i s  p a r t i c u l a r  
s t u d y  and would have t o  be changed t o  r e f l e c t  t h e  c o s t s  accnred by o t h e r  
i n v e s t i g a t o r s .  T h i s  c o s t  f u n c t i o n  i s  a l s o  f o r  t h e  c o l l e c t i o n  o f  s p l i t  spoons 
where an e n t i  r e  h o l e  i s  sampled. Ry u s i n g  o t h e r  sampl ing techn iques ,  such as 
auger c u t t i  ngs, t h e  c o s t s  may decrease.  
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APPENDIX B 
Formulas and their derivation 

Def i ne  t h e  c o s t  f u n c t i o n  as: C = 15H + 30HD + 22,5LH 

= H(15 + 22.5L + 30D) 

De f i ne  t h e  p o p u l a t i o n  va r i ance  f o r  a  p a r t i c u l a r  e x t r a c t  c o n s t i t u e n t  as: 

"H v~ v~ 
v ~ = - + - + -  H D S 

where D = t h e  number o f  dep th  c lasses  (on  average) 

H = t he  number o f  ho les  

S = t h e  number o f  samples taken  = H O D  

L  = t h e  average depth o f  t he  s i t e  

V H  = t h e  es t imated  va r i ance  among ho les  

VD = t h e  es t imated  va r i ance  among depth c lasses  

V E  = t h e  es t imated  sampl i n g  e r r o r  va r iance .  

Note t he  f o l l  owing re1 a t i o n s h i  ps : 

from equa t i on  ( 1 )  f o r  a  f i x e d  C:  

H  = C/(15 + 22.5L + 30 D) 

C 
0 = (Fi - 15 - 22.5L)/30 

from equa t ion  ( 2 )  f o r  a  f i x e d  Vy: 

DV- - VD 
Y 

HV- - VH 
Y 

Min imize V Y  f o r  a  f i x e d  c o s t  C. Th i s  rninirni z a t i o n  r equ i  r es  t h e  use o f  t h e  

Lagrange mu1 t i p 1  i e r  ( A )  method where t he  cos t  f u n c t i o n  i s  t h e  cons tan t .  

L e t  f(H,D) be t h e  f u n c t i o n  t o  be min imized:  



The p a r t i a l  d e r i v a t i v e s  a r e :  

Set each of these to zero (resulting in three equations with three unknowns) 

and solve for D: 

and s o l v e  f o r  H  by s u b s t i t u t i n g  f o r  D  i n  e q u a t i o n  ( 3 ) .  

M i n i m i z e  the c o s t  C f o r  a f i x e d  Vy: 

v~ "D "E 
L e t  g(H,D) = H(15 + 22.5L + 30D) - A ( - - + - + - -  Vr ) 

H  D HD 

The p a r t i  a1 d e r i  v a t i  ves a r e :  

Set each derivative to zero and solve for H :  

L e t  E = .5 + .75L 

a  = EV+ + vDvY 

and s o l v e  f o r  D by s u b s t i t u t i n g  f o r  H  i n  e q u a t i o n  ( 6 ) .  
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classes 

PROGRAM COSTVO( I NCOST ,OUT9 INPUT ,OUTPUT, TAPE7=INCOST ,TAPE8=OUT) 

* COMPILATION: FTNS ON CDC CYBER 1 7 5  UNDER NOS 1,4 

* PURPOSE: CALCULATE COST AND VARIANCE FOR VARIOUS COMBINATIONS OF * HOLE ( H I )  AND DEPTH CLASSES ( D I )  

* . I N P U T  F I L E :  INCOST -- VARIANCE (VH, VD, VE) F I L E  WITH MEANS FOR EACH 
JC CONSTITUENT AT EACH S I T E  

CHARACTER T I T L E ( 2 ) * 1 O 9 L H B E L * 4  
INTEGER N K ( ~ ) , D I , H I  , I , J , s  
REAL c , vH ,VE ,VD ,LL (~ )  , E , I ) ~ H ~ C ~ , V Y  , X 9 K 9 X P 9 L  
DATA T I T L E /  'SITE=LD' , 's ITE=SWi  / ,NK/25,24/  
DATA LL/29, ,11, /  
DO 5 0 0  I = 1 , 2  

L = L L ( I )  
WRITE ( 8 , 1 0 0 0 ) T I T ~ ~ ( 1 )  ,L 
DO 4 9 0  J = l , N K ( I )  
 READ(^ , * , E N D = ~ O O ) L A B E L ~ V E  ,VH9VD9X 
WKITE(8,1100)LABEL,VE9VH9VD,X 
IF(X .LE .O )X=ABS(X )  
IF(VH.LE.O)VH=O, 
IF(VD.LE.O)VD=O 
DO 4 5 0  HI=1 ,9 ,2  
DO 4 5 0  DI=1 ,9 ,2  

S = O I k H I  
C=HI*(15.+22.5*L + 3 0 * D I )  
VY=VE/FLOAT(S )  + VD/FLOAT(DI) + VH/FLOAT(HI) 
XP=lOO .*VY /X 
XP2=200e*SQRT(VY) /X  
~ R I T E ( 8 , 1 2 5 0 ) H 1  ,D I  ,S9C9VY ,XP,XP2 

4 5 0  CONTINUE 
490 CONT I NU€ 
5 0 0  CONTINUE 

PRINT*,  'OUTPUT I N  F I L E  OUT' 
6 0 0  CONTINUE 

STOP 
1 0 0 0  FORMAT(lH1, '  FOR ' ,AlO, '  AVG DEPTH= ' ,F5.1, 

+ VARIOUS HOLE AND DEPTH COMBINATIONS ,I 
+ lOX, 'ELEMENT'  ,11X, 'VE '  911X , 'VH '  , 1 1 X 9 ' V D '  , l 1 X 3 ' ~ E A N 1 )  

1100 ~ 0 R M A T ( / / 7 X , A l 0 , 4 F l 5 . 5  9 / /  ,28X 
+ 'HI' , ~ X , ' D I '  , ~ X , ' S '  , ~ X , ' A C O S T '  , ~ X , ' V A R Y '  ,9X9 
+ ' PCNT MEAN' ,8X, ' PCNT + / -LSTDERR'  ,/) 

1250 F O R M A T ( ~ ~ X , ~ I ~ O , ~ X , ' $ '  9F8 .2 ,F15 .592F15.5)  
END 



APPE 
Comp 

PROGRAM COSTF ( I NCOST, OUT, INPUT , OUTPUT , T A P E 7 4  NCOST TAPE8=OUT) 

* COMPILATION:  FTN5 ON CDC CYBER 1 7 5  UNDER NOS 1 .4  

* PURPOSE: CALCULATE BEST HOLE ( H )  AND DEPTH CLASSES ( D )  FOR F I X E D  COST ( C )  

* INPUT  F I L E :  INCOST -- VARIANCE (VH, VD, VE) F I L E  WITH MEANS FOR EACH 
-k CONSTITUENT AT EACH S I T E  

CHARACTER T I T L E ( 2 ) * 1 0 9   LABEL*^ 
INTEGER N K ( 2 )  , D I  , H I 9  I ,J ,S 
REAL C O ( 5 )  ,C ,VH9VE9VD,LL(2)  9E9D9H,C29VY  , X 9 K 9 X P 9 L  
DATA T I T L E I  ' s I T E = L D '  , ' SITE=SW1 / ,NK/25 ,Z4/ 
DATA LL /29 . ,11 . /  9C0/1000,5000910000915000925000/ 
DO 5 0 0  I = 1 , 2  

L = L L ( I )  
W R I T E ( ~ , ~ O O O ) T I T L E ( I )  ,L 
DO 4 9 0  J = l , N K ( I )  

READ(7 , * ,END=600)LABEL9VE9VH9VD9X 
WRITE(8,1100)LABEL,VE9VH9VD,X 
IF(X.LE.O)X=ABS(X) 
IF(VH.LE.O)GO TO 4 9 0  
IF(VD.LE.O)VD=O 
DO 4 5 0  KK=1,5 

C=CO( KK)  
E = ( 1 5 .  + 22 .5*L) *VE + C*VD 
E=E/ ( 30 *VH)  
D=SQRT(E ) 
H-C/ ( 1 5  .+3O*D+22.5*L) 
D I = 0 + . 5 0 0 0 0 0 0 0 1  
H I = H + . 5 0 0 0 0 0 0 0 1  
S = D I * H I  
C 2 = H I * ( 1 5 .  + 22.5 *L + 3 0 . * D I )  
VY=VE/FLOAT(S )  + VDIFI-OAT(UI) + VH/FLOAT(HI) 
XP2=200 .*SQRT(VY) /X 
XP=lOO .*VY/X 
W R I T E ( ~ ~ ~ ~ O O ) C , D , H , D I  ,H I ,S9C29VY  ,XP,XP2 

4 5 0  CONTINUE 
4 9 0  CONTINUE 
5 0 0  CONTINUE 

PRINT*, 'OUTPUT I N  F I L E  OUT' 
6 0 0  CONTINUE 

STOP 

1 0 0 0  F O R M A T ( ~ H ~ ,  ' FOR ,A10, ' AVG DEPTH= ,F5 .I, 
+ ' BEST HOLE,DEPTH# COMBOS FOR 5 F I X E D  COSTS' ,I 
+ 1 0 X Y B E L E M E N T '  , l l X , ' V E '  9 1 1 X 9 1 V H '  911X ,1VD '  , 1 lX , 'MEAN1)  

1100 F O R M A T ( / / ~ X ~ A ~ O ~ ~ F ~ ~ ~ ~ ~ / /  'COST'  .38X91D1 , 8 X 9 1 H i  ,8X9 
+ ' D I '  ,9X, 'H11 , ~ X , ' S '  , 9 X , ' A C O s T t  9 9 X 9 1 V A ~ Y 1  3 X 9  
+ ' PCNT MEAN' , 8X9  ' PCNT +/-2STDERK1 , I) 

1 2 0 0  F O R M A T ( ~ X , ' $ '  ~F8e2~2F10~29311094X9'$' 9 F 8 e 2 9 3 F 1 5 m 5 )  
END 



Computer program to c 

PROGRAM COSTV ( I NCOST ,OUT, I N P U T 9 0 U T P U T 9 T A P E 7 =  INCOST9TAPE8=OUT) 

* COMPILATION:  F T N 5  ON CDC CYBER 1 7 5  UNDER NOS 1.4 

* PURPOSE: CALCULATE BEST HOLE ( H )  AND DEPTH CLASSES ( D )  FOR F I X E D  VARIANCE 
VY = PCT * SAMPLE MEAN ( X )  

* I N P U T  F I L E :  INCOST -- VARIANCE (VH, VD, VE) F I L E  WITH MEANS FOR EACH * CONSTITUENT AT EACH S I T E  

CHARACTER T 1 T L E ( 2 ) * 1 0 9 L A B E L * 4  
INTEGER N K ( 2 )  ,DI , H I p  I , I  ,S 
REAL P C T ( ~ )  ,C,VH,VE,VD,LL(~)  9 E 9 1 1 , ~ 9 ~ 2 9 V ~  ,X,K,XP,L 
DATA T I T L E /  ' S I T E = L D 6  , 'SITE=SWi  / ,NK/25,24/  
DATA L L / 2 9 ,  ,11,/ ,PCT/ . lU,  *O5, . lo ,  .001/ 
DO 5 0 0  I = 1 , 2  

L = L L ( I )  
W R I T E ( 8 , l O O O ) T I T L E ( I )  ,L 
DO 4 9 0  J = l , N K ( I )  

KEA0(7,*,END=600)LABEL9VE ,VH,VD,X 
WRITE(8,1lLlO)LABEL,VE,VH,VD,X 
IF(X.LE.O)X=ABS(X) 
IF(VH.LE.O)GO TO 4 9 0  
IF(VD.LE.O)GO TO 4 9 0  
DO 4 5 0  KK=1,4 

K=PCT( K K )  / X  
E=.5 + .75*L 
A=E*K*K*+VD*K 
B=-2. *VH*(VD+E*K) 
CC=E*VH*VH-VE*VH 
DD=B**2.-4*A*CC 
IF(DD.LE.O)GO TO 4 5 0  
H=(-R+SQRT(DD) )I ( 2  .*A) 
H I = H + , 5 0 0 0 0 1  
I F ( H 1  . L E . O ) H I = l  
D=(H*VD + V E ) / ( H * K  - V H )  
D I = D + . 5 0 0 0 0 1  
IF(DI .LE.O)DI=I 
C = H I * ( 1 5 .  + 22.5 * L +30 . *DI )  
S = D I * H I  
VY=VE/FLOAT(  S )  + VD/FLOAT(DI) + VH/FLOAT(HI) 

, 

X P - 1 0 0  .*VY/X 
x ~ 2 = 2 0 0  . *SQRT(VY)  / X  
W K I T E ( 8 , 1 2 5 0 ) P C T ( K K )  ,H,HI A D 1  ,S,C9VY 3 X P 9 X P 2  

4 5 0  CONTINUE 
4 9 0  CONT I NUE 
5 0 0  CONTINUE 

PRINT*, 'OUTPUT I N  F I L E  OUT' 
6 0 0  CONTINUE 

STOP 



1OOO F O R M A T ( l H l g l  FOR ' ,A10, '  AVG DEPTH= ',F5.1, 
+ I BEST HOLE,DEPTH# COMBOS FOR 3 FIXED VARIANCES ,I 
+ 1 0 X 9 ' E L E M E N T 1  , l l X , ' V E '  , 1 1 X 9 ' V ~ '  , l l X , I v ~ '  , l l X 9 1 ~ E A N '  ) 

1100 F O R M A T ( / / ~ X ~ A ~ O , ~ F ~ ~ . ~ ~ I /  ,I PRP MEAN' ,5X , 'H1  , 9 X 9 ' ~ 1 1  , 9 X 9 1 D 1  ,9X 
+ , ' D I 1  ,9X , 'S1  , 9 X g 8 A C T C O S T '  9 9 X 9 1 V A R  Y1 ,9X, IPCT MEAN1 ,4X, 
+ I PCT + - Z S T D E R R ~  ,I) 

1 2 5 0  FORMAT(ZX , F ~ . ~ , F ~ o , z ,  1 1 0 ~ ~ 1 0 ~ 2 ~ 2 1 1 0 ~ 5 ~ ~ ~ $ ~  , F 1 0 e 2  , 3 F l L 5 )  
END 




